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XI. Biological, Ecological, and Environmental Character-
istics of the Chesapeake Bay. 
A. Introduction 
A general description of the Chesapeake Bay, its 
geography, geology, hydrology, demography, and economy, was 
presented in Chapter II. In this chapter, those features 
of the system which have major impacts on the biota are 
described in greater detail, and the biota, past and pres-
ent, is describe~d based on the available data. 
Major l:i_mitations in describing the biota of the 
Bay are 1) lack of quantitative historical data from the 
colonial period up to the early years of the present century, 
2) incompleteness of the total descriptive data base and 3) 
the alteration of concern over environmental issues which 
results in conte~mporary scientists asking different questions 
than in the past. 
We have deviated to some degree from the requested 
report format because the existing information does not 
easily allow separation of historical structural and 
functional ecosystem characteristics from the present 
"baseline." An historical perspective of the Bay can be 
more easily developed in terms of the recent and present 
environmental and biological characteristics to which 
descriptions of historical perturbations and undisturbed 
settings are subsequently related. 
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1. Temperature 
The range of temperatures naturally experienced in 
the Chesapeake Bay is extreme in comparison with most coastal 
water bodies. The annual surface temperature range in the 
open Bay is approximately 0°C to 29°C. The temperature range 
of deep bottom waters is only slightly less, l°C to 25°C. 
Because it is latitudinally extensive, temperatures in the 
northern and southern portions of the Bay may differ markedly. 
Temperatures in the Virginia portion average about 0.5°C 
warmer than the Maryland portion, although the region of 
the Bay mouth is generally cooler than elsewhere during the 
suunner because its temperature is moderated by the influence 
of the ocean. Temperatures range more widely and fluctuate 
more quickly in shallow waters, where sunnner temperatures in. 
excess of 30°C are not uncommon. 
Figure XI-1 depicts a typical seasonal oscillation 
of temperature in the mid-Bay. There are relatively small 
year-to-year variations in this pattern. Shorter term 
variations (e.g. diurnal) of the range of 1°C to 3°C are 
not unconnnon. 
2. Salinity 
Another environmental characteristic of paramount 
ecological importance is salinity. It is a principal factor 
governing the large scale distribution patterns of organisms 
in the Bay. Salinity also affects circulation and mixing of 
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Figure XI-1. Monthly variation of temperature at a station 
in the mid-Bay (from Seitz, 1971). 
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waters, sedimentation and many other physico-chemical proc-
esses of ecological importance. 
The salinity of the Bay ranges from 25-30%o near its 
mouth to 0.1%c,, the salinity of incoming fresh water (Figs. 
XI-2 and XI-3). The distribution of salinity in the main 
body of the Bay is regulated principally by the freshwater 
discharge of the Susquehanna (Schubel 1972). Marked vari-
ations in the freshwater inflow produce large temporal 
variations in salinity. These temporal patterns may re-
flect long term climatic trends such as drought cycles, 
seasonal runoff patterns, or aperiodic events, such as 
extratropical storms and hurricanes. The recurring sea-
sonal pattern is governed by the seasonal distribution of 
runoff, which is generally highest in spring and least in 
fall. Thus the salinity at any given location averages 
2-7~ lower in spring than in fall (Figs. XI-2 and XI-3). 
Salinity is generally higher on the eastern side of 
the Bay than on the western side because of Coriolis effects 
and the greater freshwater discharge from the west. Salinity 
is also generally higher (as much as 8~), and less variable 
in bottom waters than on the surface (Fig. XI-4). 
3. Oxygen 
Dissolved oxygen concentrations in the Bay are reg-
ulated by a complex of physical and biological processes 
which add or subtract oxygen from the water. Surface waters 
-4-
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Figure XI-2. Average surface salinity distribution in 
Chesapeake Bay during the spring months 
(from Stroup and Lynn, 1963). 
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Figure XI-3. Average surface salinity distribution in the 
Chesapeake Bay during the fall months (from 
Stroup and Lynn, 1963). 
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in the open Bay are at or near saturation levels throughout 
the year. During spring, rising water temperatures {which 
decrease 02 solubility and increase biochemical uptake rates) 
together with increased runoff (which adds organic matter to 
the system and causes vertical stratification of the water 
mass) cause oxygen depletion in deep waters of the middle 
and upper Bay (Figs. XI-5 and XI-6). By mid-June, the oxygen 
concentration in bottom waters may be less than 1 ml/1, while 
surface waters are nearly saturated at 5 ml/1. By mid-summer 
oxygen at depths greater than 12 m may be less than 0.1 ml/1. 
Fall cooling mixes the water column, thereby reoxygenating 
bottom waters, and the entire water column is again nearly 
saturated. 
Oxygen depletion in some tributary estuaries in the 
upper Bay has been attributed to nutrient loading from sewage 
treatment plants or non-point sources (principally septic 
field drainage) (Schubel 1972). Most sewage is discharged 
into tributaries rather than directly into the Bay (Brush 
1974) and the degree to which this source contributes to 
oxygen depression in the Bay itself is uncertain. Several 
authors (Schubel 1972, Flemer 1972) have expressed the 
opinion that the upper Bay is at the limits of its capacity 
to assimilate nutrients without serious worsening of dis-
solved oxygen conditions. 
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4. Nutrients 
The major nutrients in the Bay are derived from 
nutrient-rich freshwater inflows. The Susquehanna River is 
the major source of nutrients in the upper Bay. At Havre 
de Grace, Maryland where the river enters the Bay, total 
phosphorus ranges from 1.0 ug-at/1 in the summer and fall 
to 1.5 ug-at/1 during winter and spring. Total nitrogen, 
mainly as nitrate!, ranges from a high of 80 to 105 ug-at/1 
in the spring to about 50 ug-at/1 during the remainder of 
the year (Schubel 1972). As one progresses down the Bay, 
concentrations of both nutrients decline. However, Clark 
et al. (1973) have reported a recent major increase in the 
phosphorus level near Baltimore resulting from increased 
sewage loads. In the lower Bay, phosphate levels are gen-
erally 1.0 ug-at/1 and nitrate-nitrite levels range from 1 
ug-at/1 to spring-time highs of about 20 ug-at/1 (Zubkoff 
et al. 1973). 
In the upper Bay, plankton productivity is stimulated 
by high nutrient levels, but high grazing rates preclude an 
undesirable build-up of algae such as can be seen in tributary 
estuaries. In the lower Bay, nitrogen is probably limiting 
since N:P ratios are often less than 10:1. In the upper Bay 
the N:P ratios are greater than 15:1, suggesting that phos-
phorus is the limiting factor. However, rapid recycling of 
phosphorus at perhaps twice the rate for nitrogen, compensates 
for the low phosphorus levels. Recent increases in phosphorus 
-11-
loadings in the vicinity of Baltimore have resulted in in-
creased phosphorus levels in an adjacent portion of the Bay. 
Algal blooms in the sunnner are now larger and have a less 
desirable floral composition than formerly (Clark et al. 
1973). Further addition of phosphorus could therefore be 
catastrophic .. 
The distribution of nitrogen in the upper Bay re-
flects the large seasonal pulses of inputs via the Susquehanna 
River (Figs. XI-7 and XI-8) and concentrations in the Bay 
proper seem little affected by the nitrogen loadings to the 
adjacent tributaries, principally the Back, South, Magothy, 
Miles, Chester, Severn, Patuxent and Potomac rivers. It 
would appear that the nitrogen added to tributaries of the 
Bay by sewage treatment plants and septic field drainage are 
deposited within the tributaries mainly through the activ-
ities of the phytoplankton (Ferguson and Sinnnons 1974). 
5. Sediments 
The Chesapeake Bay system is rapidly being filled by 
alluvial sediments introduced by the major tributaries. The 
principal sediments throughout most of the Bay are fine silts 
and clays, although sand is common in shoal areas (Fig. IX-
9). Sand is also the major sediment type at the Bay mouth 
as a result of dynamic sorting by swift currents and high 
wave energy. 
Sedimentation in the upper Bay is extremely rapid 
while in the lower Bay it is relatively slow. The sediment 
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Figure XI-7. Surface nitrate distributions {N03 + N02) 
:i.n upper Chesapeake Bay during spring and 
E~arly sunnner {from Schubel, 1972). 
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Figure IX-9. Generalized sediment distribution 
in the Chesapeake Bay (after Wolman 
1968). 
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load of the Susquehanna is deposited mainly in the upper Bay 
north of Annapolis. Sediment loads of the other major trib-
utaries are in large measure deposited in the low salinity 
regions of these estuaries and hence do not enter the Bay 
proper. 
The nature of bottom sediments affects the distri-
bution of benthic organisms, and suspended sediments affect 
plankt_onic organisms. Moreover, the nature of sediments and 
rate of sedimentation affect the capacity of the estuarine 
system to assimilate toxic materials and nutrients. The 
naturally rapid ·sedimentation in large measure detoxifies 
the Bay ecosystem (however, see Lunz 1972). 
Alterations of the sediment supply and sedimentation 
processes of the Bay have been substantial (Schubel 1972), 
as a result _of changes in land use and soil erosion, runoff 
impoundment, alterations of the estuarine geometry, resus-
pension of bottom sediments and spoil disposal. The rela-
tionship of these alterations to water quality and their 
implications to managing point source discharges are poorly 
understood. 
6. Other Characteristics 
Toxic substances including heavy metals, pesticides 
and petroleum hydrocarbons are generally at low, often non-
detectable levels in the waters of the Bay proper. High 
concentrations can be observed in sediments, but materials 
associated with sediments are generally considered to be 
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less available to the biota (Bender et al. 1972; Huggett et 
al. 1971). In s01ne cases, alarming levels of metals and 
pesticides have b~:?en observed in oysters and a few other 
members of the biota (Carpenter et al. 1970, Huggett et al. 
1973) which have the capability of accumulating these mate-
rials to levels much higher than those ambient in the water. 
Suspended sediments with sorbed materials play a role in the 
uptake and accumulation of heavy metals (Lunz 1972). 
The magnitude of non-point source contributions of 
toxic substances and nutrients to the Bay has not been as-
sessed. The extensive agricultural activity and unsewered 
communities along the tributary estuaries of the Bay suggest 
that non-point sources, especially of nutrients, and fecal 
pathogens are highly significant. 
B. Ecological Segmentation of the Bay 
Primarily because of the profound effect of salinity 
on the distribution of organisms within the Bay, the biotic 
communities found in the Bay change greatly from the mouth 
to the head. Difj:erences in the physico-chemical character-
istics along the E~stuarine gradient also markedly change 
ecosystem attributes from the mouth to the head. 
Estuarine biologists have long recognized biotic 
changes along estuarine gradients and many schemes for 
classification of.biotic zones have been proposed. The 
most widely used :Ls the so-called Venice System (Anonymous, 
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1958) outlined in Table XI-1. Many biologists in the Ches-
apeake Bay region have found this classification useful in 
the subsequent discussion of biological characteristics. 
Fig. XI-10 depicts the areal distribution of these estuarine 
zones in the Bay. Note that broad areas of transition be-
tween the zones are indicated. These reflect annual salinity 
variation. For cross reference the approximate corresponding 
reach numbers used in the water quality mathematical model 
are also listed in Table XI-1. 
C. Biological Characteristics 
1. Producers 
a) Phytoplankton composition and numerical abundance 
Data regarding phytoplankton in Chesapeake Bay proper 
is relatively limited.. Patten and his associated occupied 
three stations in the lower Bay during the period January 
1960 to January 1961 (Patten et al. 1963). They reported 123 
species of diatoms and 12 species of dinoflagellates in the 
net phytoplankton. In total phytoplankton samples collected 
at the surface and examined live without concentrating the 
sample, 107 taxa were identified: 2 euglenoids, 8 chloro-
phytes, 33 dinoflagellates, 7 chrysophyceans, and 57 diatoms. 
Dominant species of diatoms with periods of dominance are 
given in Table XI-2, dominant species of all phytoplankton 
with periods of dominance in Table XI-3. While data for 
diatom dominance in the two tables do not show good agreement, 
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Table XI-1. ThE! Venice System for classification of 
brackish waters and the approximately 
cOl::-responding reach numbers of Chesapeake 
Bay mathematical model used in this study. 
Zones Salinity ranges %0 Reaches 
Limnetic 0.5 1-6 
(Tidal Freshwat,!r) 
Oligohaline 0.5-5 7-12 
Mesohaline 5-18 13-28 
Polyhaline 25-30 29-39 
Euhaline 30-40 
-----
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Figure XI-10. 
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The ecological zones of the Chesapeake Bay 
according to the Venice System. Cross-hatched 
areas are areas of transition between adjacent 
zones. -20-
Table XI-2. Domi.nant diatoms (first to third most abundant) 
in lower Chesapeake Bay, by season (from Pat.ten, 
Mulford and Warinner, 1963). 
Asterionella .i~.Egnica 
Bacteriastrum delicatulum 
Biddulphia granulata 
Cerataulina bergonii 
Chaetoceros affinis 
Chaetoceros compressus 
Chaetoceros danicus 
Chaetoceros lorenzianus 
Chaetoceros subtilis 
Coscinodiscus asteromphalus 
Ditylum brightwellii 
Gyrosigma fasciola 
Nitzschia pungen~ atlantica 
Rhizosolenia calc..!!!: avis 
Skeletonema costatum 
Thalassionema nitzschioides 
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Oct. -April 
July-Aug. 
May-June 
March-April 
May-October 
July-August 
November 
July-Oct. 
June-July 
June-Oct. 
Aug.-Oct., Jan. 
April-May 
Jan. -June 
Feb. -May 
Jan., May-Oct. 
Nov.-March, Aug.-Sept. 
Table XI-3. Dominant phytoplankters (first to third most 
abundant) in total phytoplankton samples, by 
season (from Patten, Mulford & Warinner, 1963). 
Chlorophyta 
Dunaliella (?) sp. 
Dinoflagellates 
Gymnodinium sp. 
Gyrodinium aureum? 
Massartia rotundata 
Peridinium triguetrum 
Prorocentrum micans 
Prorocentrum triangulatum 
Chrysophyta 
Chilomonas (?) sp. 
Cryptomonas sp. 
Diatoms 
Asterionella japonica 
Cerataulina bergonii 
Chatoceros affinis-C. compressus 
Skeletonema costatum 
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Sept. -Nov. 
May 
Aug. 
June-July, Nov. 
March-Apr. 
July 
Sept. 
Apr. -June 
Apr.-July, Nov. 
Apr.-May 
Apr. -May 
Jan.·-March 
Jan.-Feb., July, Sept. 
it can be seen that most net diatom species were present 
virtually year round whereas other phytoplankters often 
were clearly seasonal. The cryptophyte, Chilomonas sp. was 
dominant in the total phytoplankton samples and Cryptomonas 
sp. was always present and occasionally dominant. Some 
dinoflagellates were also occasionally dominant. 
In the lower Bay, diatoms dominated the phytoplankton 
in the winte~, flagellates in the sunnner and late autumn. 
Diversity indices, calculated for admittedly incomplete data, 
tended to be highest on the western side of the Bay (Patten 
et al. 1963). 
Patten et al. (1963) pointed out the numerical domi-
nance of nannoplankton, which in their experience was 100-1000 
times the net plankton during most seasons. They postulated 
that nannoplankton would be responsible for most of the pro-
ductivity as well. 
Numerical abundance of total phytoplankton was 
greatest on the western shore of the Bay near the mouth of 
the York River. The annual mean count for the York River 
mouth station was 2.3 x 106 units/1, and for the Bay mouth 
station, 1.5 x 106 units/1 (chained diatoms were counted as 
units rather than enumerating each cell in a chain; expressed 
as cells/1, values would be higher). The highest total count 
was 6.4 x 106 units/1. 
Marshall (1966) has subsequently examined the surface 
phytoplankton from 16 stations located on a longitudinal 
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transect of Chesapeake Bay from Bay mouth to the northern 
end. In sunnner, neritic diatoms dominated in the lower Bay, 
flagellates in the upper Bay, with a gradual transition in 
between. The dominant species in the lower Bay was Skele-
tonema costatum (0.95 x 106 cells/1). At the northern end 
of the Bay, Cryptomonas sp. dominated, constituting 95% of 
the flora at the three northernmost stations (1.08 x 106 -
1.5 x 106 cells/1). 
More recently Clark .et al. (1973) have alluded to 
changes in floral composition of algal blooms in the upper 
Bay near Baltimore toward dominance by blue-green algae. 
The phytoplankton in smaller tributaries of the upper Bay 
which receive high nutrient loadings has long been dominated 
by undesirable algal species. As the assimilative capacity 
of the tributaries is exceeded, similar imbalances are be-
ginning to appear in ?djacent Bay waters. 
Red tides, produced by dense concentrations of dino-
flagellates of several species, are a common occurrence in 
the 1.ower reaches of the tributary estuaries of the lower 
Bay, and often extend out into the Bay proper. In the late 
1940's - early 19SO's few blooms were observed, but in the 
1960's these became an annual summer occurrence. For the 
past several years these blooms have been observed early 
in the year, often as early as April (Andrews, personal 
connnunication). There is no hard evidence that these blooms 
produce toxic materials, but they can produce local oxygen 
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depletion and, as the blooms decline seasonally, may smother 
benthic areas. The major constituents of the~e blooms are 
not suitable food for oysters, and hence oyster growth is 
depressed during bloom periods. 
b) Biomass expressed as chlorophyll concentration 
In conjunction with his phytoplankton determinations, 
Patten (1961) also measured chlorophyll levels at each sta-
tion. Maximum lE!vels were observed in April and May with a 
secondary maximun1 in September and October corresponding to 
a smaller but discrete fall bloom. The annual average chlo-
rophyll level decreased from 5.92 ug/1 along the western 
shore to 4.99 ug/1 at the Bay mouth. Thus, biomass, expressed 
as chlorophyll a,. shows the same trend in distribution as 
does number of cells/ml. The maximum spring chlorophyll 
level was 12 .5 ug/1. Concentrations during bloom periods 
often exceeded twice the annual mean levels. 
More recE!nt chlorophyll a data at a large number 
of stations in the lower Chesapeake Bay were collected by 
Zubkoff and Warinner (1974, Zubkoff et al. 1973). Maximum 
chlorophyll a levels were observed during March and May to 
September, minimum levels in November. Table XI-4 shows the 
mean annual surface chlorophyll a level for seven lower Bay 
sections. Chlorophyll a concentration increases with dis-
tance from the Bay· entrance. There is a slight increase in 
concentration from east to west. Concentrations at three 
river mouths are higher than the western Bay shore. Values 
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Table XI-4. Mean annual surface chlorophyll~ 
(ug/1) for 7 sectors of the lower 
Bay. 
n x 
Eastern Shore 34 11.83 
Central Bay 104 12.75 
Western Shore* 52 12.90 
Rappahannock Mouth 4 17.23 
York Mouth 41 15 .11 
James Mouth 10 13.03 
Bay Entrance 76 8.67 
* exclusive of river mouths 
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reported by Zubkoff et al. (1973) are about twice those of 
Patten et al. (1963) collected 10 years earlier. Data col-
lected prior to Hurricane Agnes are in essential agreement 
with earlier results of Patten (1961). Subsequent to 
Hurricane Agnes, the major chlorophyll peak was observed 
in August, with the level at one station reaching 64.3 ug/1; 
66% of the values at all stations were between 8 and 28 ug/1. 
Surface chlorophyll a values in the oligohaline and 
lower mesohaline portions of the upper Bay show greater 
seasonal variation (maximum values: 50-60 ug/1) and greater 
yearly averages than upper mesohaline areas (maximum values: 
20-30 ug/1) (Flem1~r 1970). A similar relationship between 
chlorophyll and salinity has been observed in tributary 
estuaries (Brehmer 1967, Whaley, Carpenter, and Baker 1966). 
Flemer (1970) obs•~rved little variation in chlorophyll levels 
on cross Bay transects in the narrow upper Bay. 
McCarthy •~t al. (1974) reported chlorophyll a values 
at five stations :i.n the upper Bay sampled in June, 1972. 
Surface values de<:reased from 18. 7 ug/1 near Howell Point 
to 7.0 ug/1 near Calvert Cliffs and then increased to 17.5 
ug/1 south of the Potomac River mouth, which is comparable 
to values at this time along the western Bay shore in the 
lower Bay. These observations agree well with those of 
Flemer (1970). 
Van Valkenburg and Flemer (1974) reported chlorophyll 
a values near Cabrert Cliffs from April 1972 to May 1973. 
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They found peak levels in May, July to August, and February 
(at 1 m). Maximal levels during these periods were 20-50 
ug/1 (excluding one value of 148.5 ug/1) and less than 10 
for most other sampling times. Most of the chlorophyll was 
contained in phytoplankters passing through a 10 u filter. 
Clark et al. (1973) have observed a dramatic increase 
in chlorophyll a levels in the upper Bay adjacent to Balti-
more. The average chlorophyll concentrations during the 
sunnner have increased from about 37 ug/1 in 1968 to about 
100 ug/1 in 1971. The maximum observed chlorophyll levels 
have increased from 50 ug/1 in 1968 to 188 ug/1 in 1971. 
It is not clear from this sunnnary report exactly how much 
of the upper Bay area has been affected in this way. It 
has not yet extended down-Bay to Calvert Cliffs (McCarthy 
et al. 1974, Van Valkenburg and Flemer 1974). 
c) Phytoplankton Productivity 
Productivity measurements were made in situ by the 
light and dark bottle oxygen method at 2 stations in the 
lower Bay during the summer of 1961 (Patten et al. 1962). 
During this period, net productivity (expressed as gcal/cm2/ 
day) was negative at 2, 6, and 10 feet on each sampling 
cruise. In every case, net productivity integrated over 
depth for a twenty-foot water column, was negative, ranging 
from -1.6 to -9.2 gcal/cm2/day. 
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More recently, productivity potential (productivity 
under defined incubator conditions) in the lower Chesapeake 
Bay was measured by Zubkoff et al. (1973) using the 14c 
method. These data have yet to be analyzed by Zubkoff et 
al. (1973). Arranging the data by Bay sector in the same 
way as for the chlorophyll data, it would appear that pro-
ductivity is greater on the eastern side of the Bay (37 mgC/ 
m3/hr) than the western side (31 mgC/m3/hr, excluding river 
mouths) and the Bay mouth (31 mgC/m3/hr), while the river 
mouths exhibit rather higher productivity, especially during 
the early sunnner months (>45 mgC/m3/hr), perhaps reflecting 
nutrient runoff. 
Unpublished research by Larry Haas (VIMS, personal 
connnunication) rE~veals that 75-90% of the productivity at a 
station in the mouth of the York River is attributable to 
nannoplankters passing through a 15 u Nytex net. 
Productivity on a volume basis in the upper Bay is 
greater in the oligohaline and lower mesohaline zones with 
a yearly average of 27-33 mgC/m3/hr than the upper mesohaline 
(Flemer 1970). (However, these observations pre-date the 
observations of increased chlorophyll a concentrations ad-
jacent to Baltimore by Clark et al. 1973). Large seasonal 
variation was observed. Total annual productivity, inte-
grated for the entire euphotic zone, is higher in the upper 
mesohaline region than the oligohaline region as a result 
of the greater depth of this zone in the upper mesohaline 
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region. Lower mean productivity (on a volume basis) in the 
upper Bay than the lower Bay may reflect the different meth-
odologies used (Winkler Oz method, Flemer 1970; 14c-method, 
Zubkoff et al. 1973) rather than real differences. 
McCarthy et al. (1974), sampling at a series of sta-
tions along the spine of the Bay from Howells Point to the 
Bay mouth, have shown that productivity of the net plankton 
is a greater fraction of total productivity in areas adjacent 
to the Susquehanna and Potomac Rivers than elsewhere in the 
upper Bay. The fraction passing through a 35 u net is re-
sponsible for 89-90% of the total productivity on average. 
Actual total productivity values were not reported however. 
Van Valkenburg and Flemer (1974), sampling at a sta-
tion near Cove Point, reported productivities somewhat higher 
than those found by Zubkoff et al. (1973) in the lower Bay. 
The peak production was in July and August rather than June 
and July. The nannoplankton (<10 u) was responsible for 75% 
(range of 31.4-100%) of the productivity at this station. 
In sunnnary, the biomass of phytoplankton (expressed 
as chlorophyll~) was greatest in the oligohaline region, 
whereas it now seems to be greatest near Baltimore, in the 
mesohaline zone. In the narrow upper Bay, there is little 
or no cross-Bay variation in chlorophyll a levels. In the 
wider lower Bay (polyhaline region) a slight decrease in 
chlorophyll~ levels is observed from west to east. On a 
volume basis, productivity is reported to be higher in the 
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nutrient-rich oligohaline region than the mesohaline region, 
but the productivity of the entire euphotic zone is greater 
in the mesohaline region because of the greater depth of the 
euphotic zone. However, recent productivity data, especially 
for the Baltimore area, is not available. Data for the upper 
and lower Bay are not considered comparable because of meth-
odological differences. Within the lower Bay, productivity 
seems to be greater in the mouths of major rivers than 
elsewhere, reflecting the role of nutrient runoff in reg-
ulating productivity. 
Nannoplankton dominates the phytoplankton both with 
respect to chlorophyll a concentration and productivity. 
d) Effects of man 
Nutrient enrichment of tributaries and some localized 
areas of the Bay, especially near Baltimore, has led to 
changes in floral composition and development of bloom con-
ditions (Clark et al. 1973, Ferguson and Sinunons 1974). 
These phenomena are much more apparent in the tributaries 
but several researchers have expressed concern that further 
enrichment of the upper Bay would result in similar problems 
in the Bay proper (Clark et al. 1973, Flemer 1970, Carpenter 
et al. 1969). 
Activities which lead to increased sediment loads, 
such as dredging, spoil deposition, and various developmental 
actions on land, also adversely affect the phytoplankton by 
reducing light availability. 
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Entrainment in cooling systems results in loss of 
some algae since biocides such as chlorine are extremely 
toxic to these forms, and even at low levels, markedly 
reduce the assimilation ratio of the surviving phytoplank-
ters (Roberts and Diaz, unpublished data). Many species 
cannot tolerate the temperature increases during entrainment 
(Warinner and Brehmer 1966). These impacts are presently 
limited to tributary estuaries. 
e) Submerged Rooted Vegetation 
Rooted submerged vegetation also contributes sig-
nificantly to the productivity of the Bay. These plants 
are restricted in distribution to shallow water areas where 
light penetrates to the bottom. There is no comprehensive 
inventory of grass beds in the Bay and its tributaries. 
Grass beds in the lower Bay are dominated by Zostera marina 
(eelgrass) and Ruppia maritima (widgeon grass). Eelgrass 
is found on the Eastern Shore as far north as Eastern Bay 
(Fig. XI-11). Widgeon grass extends only slightly further 
up the Bay. In the less saline head waters of the Bay are 
found several freshwater plant species such as wildcelery 
(Vallisneria americana), milfoil (Myriophyllum spicatum), 
water weed (Elodea canadensis), and coontail (Ceratophyllum 
demersum) among others. 
In the 1930's, eelgrass beds in the Bay as well as 
elsewhere along the Atlantic coast were destroyed by a 
disease epidemic. Present populations have apparently not 
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Figure XI-11. Distribution of rooted aquatic plants in the 
Chesapeake Bay. Distribution in Virginia 
waters is based on precise areal mapping in 
1974 by Orth (1975) and distribution in 
Maryland is based on Lippson (1973). 
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reached former levels. Many beds in Virginia were recently 
decimated, presumably by an invasion of cownosed rays which 
uprooted the eelgrass while searching for molluscs in the 
substrate. These beds are recovering from rhizome fragments 
and seed (Orth, personal communication). 
There has been a recent decline in rooted aquatics 
in the fresh and oligohaline waters of the upper Bay, and 
especially the minor tributaries (Kerwin et al. 1974). 
This decline involves a reduction in the total area sup-
porting rooted aquatics, not the density of vegetation in 
the remaining grass beds. Kerwin et al. (1974) concluded 
that the major factors limiting the various plants were 
salinity and turbidity. The decline observed was related 
to reduced salinity resulting from Tropical Storm Agnes, 
and increased turbidity, particularly in the smaller trib-
utaries where blue-green algal blooms shade out the rooted 
aquatics. Clark et al. (1973) pointed out that the decline 
in rooted aquatics leaves more nutrients available to the 
undesirable blue-green algae, accentuating the deterioration 
of conditions within the smaller tributaries. 
The productivity of Zostera in Chesapeake Bay has 
never been measured. However, Zostera in Bogue Sound in 
nearby North Carolina is estimated to produce an average of 
0.95 gC/m2/day (Dillon 1971). Although Zostera covers only 
55% of Bogue Sound, the total productivity of the seagrass 
was estimated to be two or three times that of the total 
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phytoplankton productivity. It seems safe to assume that 
submerged rooted plants in Chesapeake Bay also contribute 
significantly to the total Bay productivity. These plants 
are also important as habitat for many finfishes, blue crabs, 
and soft clams, and as food for waterfowl. 
2. Zooplankton 
Zooplankters are very important consumers in the Bay 
ecosystem and are also extremely important in terms of tro-
phic transfers. Since most of the primary production in the 
Bay is planktonic and most of this microalgal pr.oduction is 
not directly available as a food source to benthic and nek-
tonic organisms, grazing by zooplankton is a critical link 
in the flow of energy to useful components, such as fin- and 
shellfish. Furthermore, many larvae of benthic and nektonic 
species are planktonic for various periods of time. Thus 
existence and s"urvival in the plankton is critical to the 
recruitment of adult stocks. 
a) Composition 
The zooplankton of Chesapeake Bay is characterized 
by large seasonal changes. Winter-spring (January-June 
assemblages are considerably different from sunnner-fall 
(July-December) assemblages. These seasonal dynamics are 
the net result of complex interactions of competition, 
predation, reproductive patterns and physiological factors. 
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Dominant zooplankters characteristic of each estuarine zone 
during each of the two seasons are given in Table XI-5. 
Copepods usually dominate the zooplankton both in 
terms of numbers and energy flow. The congeneric species 
pair Acartia tonsa and A. clausi are generally the dominants 
in brackish waters, the former during summer and fall and 
the latter during winter and spring. Cladocerans and roti-
fers may at times be numerically dominant. Jellyfish and 
ctenophores are seasonally abundant and exert tremendous 
influence on the rest of the zooplankton. The ctenophore 
Mnemiopsis leidyi becomes abundant in late spring and early 
summer and virtually decimates the copepod populations in 
the polyhaline zone. Another ctenophore, Beroe ovata, be-
comes abundant later in the summer and preys heavily on 
Mnemiopsis, allowing a resurgence of copepods (mainly 
Acartia tonsa) in late summer. 
Meroplanktonic larvae of benthic species are abundant 
during various times of the year, but especially in summer. 
Polychaete and barnacle larvae can be abundant in brackish 
reaches throughout the year. Many species of sport and com-
mercial importance have planktonic larval stages. These 
include oysters and clams, blue crabs, and many fishes. 
The polyhaline zone, especially the Bay mouth, is a critical 
habitat for the planktonic development of many of these, for 
example blue crabs and sciaenid fishes. Larvae of oysters 
and soft clams exploit the mesohaline planktonic habitat. 
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Table XI-5. Dominant zooplankters characteristic of estu-
arine zones during winter-spring (January-June) 
and sunmer-fall (July-December). 
Winter-Spring Surrnner-Fall 
Polyhaline Zonel 
Cyanea capillata (S) 
Mnemiopsis leidyi (Ct) 
Padon polyphemoide:s (Cl) 
Acartia clausi (Co) 
Temora longicornis_ (Co) 
Pseudocalanus sp. (Co) 
Sagitta elegans (Ch) 
Aurelia aurita (S) 
Chrysaora guinquecirrha (S) 
Beroe ovata (Ct) 
Evadne tergestina (Cl) 
Penilia avirostris (Cl) 
Acartia tonsa (Co) 
Pseudodiaptomus coronatus (Co) 
Paracalanus spp. (Co) 
Oithona spp. (Co) 
Sagitta tenuis (Ch) 
Mesohaline Zone2 
Cyanea capillata (S) 
Mnemiopsis leidyi (Ct) 
Padon polyphemoide!S (Cl) 
Acartia clausi (Co) 
Acartia tonsa (Co) 
Aurelia aurita (S) 
Chrysaora guinguecirrha {S) 
Mnemiopsis leidyi (Ct) 
Padon polyphemoides (Cl) 
Acartia tonsa (Co) 
Oithona brevicornis (Co) 
Brachionus plicatus (R) 
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Table XI-5 (Continued) 
Winter-Spring Sunnner-Fall 
Oligohaline Zone3 
Cyanea capillata (S) 
Eurytemora affinis (Co) 
Chrysaora guinguecirrha (S) 
Acartia tonsa (Co) 
Eurytemora affinis (Co) 
Tidal Freshwater4 
Cyclops vernalis (Co) 
Mesocyclops edax (Co) 
Bosmina longirostris (Cl) 
Cyclops vernalis (Co) 
Mesocyclops edax (Co) 
Eurytemora affinis (Co) 
Diaphanosoma brachyurum (Cl) 
Bosmina longirostris (Cl) 
Sources: } G. Grant (unpublished); Burrell (1972) 
Lippson (1973), Heinle et al. (1974), 
Burrell (1972) 
3 Lippson (1973), Burrell (1972) 
Key: 
s 
Ct 
R 
Cl 
Co 
Ch 
4 Davies and Jensen (1974), Burbidge (1972) 
Scyphozoa 
Ctenophora 
Rotifera 
Cladocera 
Copepoda 
Chaetognatha 
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The oligohaline and freshwater reaches are important in the 
development of anadromous fishes. 
b) Biomass and production 
Data on total zooplankton biomass is extremely scant. 
Biomass estimates in terms of total dry weight and settled 
volume for zooplankton (>202 u) in the lower Bay (south of 
37°40'N) for the period August 1971 to July 1973 are pre-
sented in Fig. XI-12 (G. Grant, unpublished data). These 
represent avierages at synoptically deployed stations but the 
spatial variability within a sampling period was small com-
pared to the seasonal variation. 
No other comprehensive data on total zooplankton 
biomass are available for comparison with these results. 
However, Heinle (1966) studied production of the dominant 
zooplankter, the copepod Acartia tonsa, in the lower Patuxent 
River estuary. A. tonsa comprised 60-80% of the total plank-
tonic crustaceans during the surrnner months. As with total 
zooplankton biomass in the lower Bay, A. tonsa biomass was 
highest in early sutmner (Fig. XI-12). High turnover rate 
(turnover tin~s of 1.80 days for nauplii and 2.37 for cope-
podites) resulted in a very high production rate during this 
period (Fig. XI-13). Heinle estimated the production of A. 
tonsa to be 1.61 to 1.78 lb acre-1 day-1 (0.18-0.20 g m-2 
day-1) during a two-month sutmner period. This would mean 
that A. tonsa would consume at least half of the planktonic 
primary production during this period. 
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Figure XI-12. Average settled volume and total dry weight of 
zooplankton per cubic meter for polyhaline 
Chesapeake Bay, 1971-1973 (Grant, unpublished). 
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dominant zooplankter Acartia tonsa in the 
Patuxent River estuary (after Heinle, 1966, 
1974). 
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Given the contribution to secondary production of 
other zooplankters and the greater depths of the Bay proper, 
this production estimate serves as a conservative estimate 
of sunnnertime zooplanktonic production on a Bay-wide basis. 
c) Effects of man 
No direct evidence exists of deleterious effects of 
man's activities on zooplankton in open Bay waters. Mortali-
ties of zooplankton due to entrainment in power plant cooling 
waters have been indicated (Heinle 1969, Diaz 1973, Davies 
and Jensen 1974). These may be attributable to toxic effects 
of free chlorine released as a condenser biocide as well as 
to heat shock and mechanical damage. Entrainment related 
mortalities of zooplankton populations of the Bay proper are 
probably insignificant, even locally, at this time. 
There is evidence that chlorine in the form of free 
chlorine and chloramines released principally from sewage 
treatment plants may be having deleterious effects on zoo-
plankton. Residual chlorine concentrations of less than 
0.005 ppm have proved lethal to oyster and hard clam larvae 
and Acartia tonsa (Roberts et al. 1975, submitted for pub-
lication). Total chlorine concentrations often exceed these 
levels in the vicinity of chlorinated sewage discharges. 
Nothing is known about the effects on zooplankton of 
various other toxic materials, e.g. trace metals and chlor-
inated hydrocarbons, which have been introduced into the Bay. 
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Similarily, little is known of the effects on grazing zoo-
plankton of stimulation of phytoplankton production and 
alterations of phytoplankton composition due to nutrient 
loading in the Upper Bay. 
3. Benthos 
As a rule benthic conununities play a relatively large 
role in ecosystem. function in coastal and estuarine environ-
ments and the Chesapeake Bay is no exception. Shallow benthic 
habitats are sites of significant contributions to primary 
productivity by attached vascular plants, algae and benthic 
microalgae. Benthic animals are the primary food items for 
most juvenile and many adult commercial and sport finfishes. 
Benthic conununities are important in the oxygen dynamics and 
nutrient cycling of the estuarine ecosystem. 
a) Composition 
Very little is known about the smaller metazoans, 
protists and microbes which comprise the meio- and micro-
benthos. However a reasonably comprehensive picture of the 
composition and distribution of the macrobenthos may be drawn 
based on at least 35 studies conducted in the Bay system 
(Fig. XI-14, Table XI-6). Although many of these studies 
were carried out in tributary estuaries, the data generated 
can be extrapolated to the Bay proper, because the distri-
butional patterns along the estuarine gradients of the sub-
estuaries closely parallel those of the Bay. 
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Figure XI-14. Location of 35 studies of macrobenthos con-
ducted within the Chesapeake Bay System (see 
Table XI-6 for references). 
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Table XI-6. Studies of macrobenthos in the Chesapeake Bay system (study sites located on 
Fig. XI-14). 
Study Number 
(Fig. XI-14) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Description 
Hampton Roads and Elizabeth River, polyhaline, 
distribution and connnunity structure 
Eiizabeth River, polyhaline, effects of sewage 
discharges 
Elizabeth River, Willoughby Bay, Little Creek, 
polyhaline, dredged areas 
Hampton Roads, polyhaline, recolonization of 
dredged area 
Hampton Roads, polyhaline, effects of dredging 
for fill 
James and York Rivers, lower Chesapeake Bay, 
effects of flooding 
James River, mesohaline - tidal freshwater, 
distribution along gradient 
James River, mesohaline, benthos of oyster 
reefs. 
James River, oligohaline, power plant 
environmental assessment 
James River, tidal freshwater, power plant 
assessment 
Source 
Boesch (1971a, 1973) 
Richardson (1972) 
Boesch (1975) 
Duncan (1974) 
R. J. Diaz and D. F. 
Boesch (unpublished) 
Boesch, et al. (1974) 
R. J. Diaz (unpublished) 
Larsen (1974) 
Virginia Institute of 
Marine Science (1971) 
Jensen (1974) 
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Table XI-6 (Continued) 
Study Number 
(Fig. XI-14) 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
Description 
Willoughby Bank, polyhaline, effects of 
dredging for fill and excavation 
Chesapeake Bay and York River, polyhaline-
oligohaline, distribution along gradient 
Chesapeake Bay and York River, polyhaline, 
eelgrass infauna 
Lower York River, polyhaline, long term 
dynamics 
Lower York River, polyhaline, effects of 
thermal discharge 
Lower York River, polyhaline, animal-sediment 
relationships 
Lower York River, polyhaline, effects of oil 
spill 
Lower York River, polyhaline, seasonal survey 
Lower York River, polyhaline, effects of 
predation and sediment stability 
York River, polyhaline, eelgrass epibiota 
Mobjack Bay, polyhaline, eelgrass infauna 
Source 
Boesch and Rackley (1974) 
Boesch (1971b) 
Orth (1971, 1973) 
M. L. Wass, D. F. Boesch 
and R. W. Virnstein 
(unpublished) 
Warinner and Brehmer 
(1966) 
Haven, et al. (1967) 
Bender et al. (1974) 
Virnstein (1975) 
R. W. Virnstein 
(unpublished) 
Marsh (1970) 
R. J. Orth (unpublished) 
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Table XI-6 (Continued) 
Study Number 
(Fig. XI-14) 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
Description 
Mobjack Bay, polyhaline-mesohaline, survey 
Lower Chesapeake Bay, polyhaline, effects 
of dredging and spoil disposal 
Rappahannock River, polyhaline-oligohaline, 
distribution of molluscs 
Lower Potomac River, mesohaline, survey 
Potomac River, oligohaline, power plant 
environmental assessment 
Potomac River, oligohaline-tidal fresh 
water, power plant environmental assessment 
Chesapeake Bay at Cove Point, mesohaline, 
animal-sediment relationships 
Chesapeake Bay at Calvert Cliffs, meso-
haline, power plant environmental assessment 
Tred Avon River, mesohaline, colonization 
Rhode River, meso-oligohaline 
Baltimore Harbor and Chester River, meso-
haline, effect of multisource pollution 
Source 
G. C. Grant et al. 
(unpublished) 
Wass et al. (1967) 
Davies (1972) 
Virnstein and Boesch (1975) 
Polgar et al. (1975) 
Ecological Analysts, Inc. 
(1975) 
Hamilton and LaPlante (1972) 
Mountford (1974) 
Hanks (1968) 
R. L. Corey (unpublished) 
Pfitzenmeyer (1971) 
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Table XI-6 (Continued) 
Study Number 
(Fig. XI-14) 
33 
34 
35 
Description 
Upper Chesapeake Bay, oligohaline, effect of 
dredging and spoil disposal 
Seneca Creek, oligohaline, effect of flooding 
Upper Chesapeake Bay, Sassafras River, C & D 
Canal, oligohaline-tidal freshwater 
Source 
Pfitzenmyer (1970) 
Pearson and Bender (1974) 
Pfitzenmeyer (1973) 
Tables XI-7 through XI-10 sunnnarize the characteris-
tic dominant macI"obenthic organisms in the various estuarine 
zones based on a synthesis of the 35 information sources in 
Fig. XI-14 and Table XI-6). In the poly- and mesohaline 
zones, the d~stribution of benthic organisms strongly re-
flects patterns c•f sediment distribution; thus some indica-
tion of sedimentary zonation is also given in these summaries 
for these zones. In oligohaline and fresh waters substrate 
relationships arE! apparently not as important, i.e. the 
dominant forms are found abundantly on most sediment types. 
The macrobenthos is dominated in brackish water by 
diverse arrays of polychaetes, molluscs, and crustaceans, 
and in fresh wate?r by oligochaetes and insect larvae. Other 
groups such as ec:hinoderms, phoronids and nemerteans may 
also be important:. 
b) Spec i.es Diversity 
The available data on species diversity of macro-
benthos are synthesized in Fig. XI-15. Species diversity 
is expressed in terms of the widely used index, Shannon's 
formula 
H' = -L.pi logzpi 
where pi is the proportion of the i-th species in a collec-
tion. Boesch (1972) previously described the general 
patterns of benthic diversity in the Bay area. This figure 
was prepared by i.ncorporating much additional data. The 
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Table XI-7 
Zonation of Dominant Macrobenthos in the Polyhaline Zone 
Leptosynapta tenuis (E) 
Gemma gernma (B) 
Ainpelisca verrilli (A) 
Nepht*s picEa (P) 
Spiop anes ombZx (P) 
Tellina agilis B) 
Phoronis psammophila (Ph) 
Ampelisca vadorum (A) 
Nephtys magellanica (P) 
Clymenella torquata (P) 
Turbonilla interrupta (G) 
Macoma t-enta (B) 
Peloscolex gabriellae (0) 
Ceriantheopsis americana (An) 
Acteocina canaliculata (G) 
Mulinia lateralis (B) 
Heteromastus filiformis (P) 
Spiochaetohterus oculatus (P) 
Pseudeuryt oe sp. (P) 
Edwardsia elegans (An) 
Paraprionospio pinnata (P) 
Phoronis muelleri (Ph) 
Sigambra tentaculata (P) 
Nepht~s incisa (P) 
Ampelisca abdita (A) 
Micro~holis atra (E) 
O~yri es _UmTcora (D) 
Cirriformia grandis (P) 
Asychis eTongata (P) 
A - Amphipoda 
An - Anthozoa 
B - Bivalvia 
D - Decapoda (Crustacea) 
E -· Echinodermata 
G - Gastropoda 
0 - Oligochaeta 
P - Polychaeta 
Ph - Phoronida 
Shallow Deep 
Medium Sand Fine Sand Muddy Sand Silt-Clay 
-so-
Table XI-8 
Dominant Macrobenthos of the Mesohaline Zone 
Species Largely Restricted 
to Sand Bottoms 
Gennna gennna (B) 
Mya arenaria (B) 
Cyathura polita (I) 
Leptocheirus pTumulosus (A) 
Eurytopic Species More Connnon 
or More Abundant on Sand Bottoms 
Glycera dibranchiata (P) 
Edotea triloba (I) 
Heteromastus filiformis (P) 
Macoma mitchelli (B) 
Pseudeurythoe. zaucibranchiata (P) 
Eteone lacte! P) 
Species Largely Restricted 
to Mud Bottoms 
Leucon americanus (C) 
Eurytopic Species More 
Common or More Abundant 
on Mud Bottoms 
Nereis succinea (P) 
Macoma balthica (B) 
Scoloplos fragilis (P) 
Very Ubiquitous Species 
Glycinde solitaria (P) 
Para2rionosp10 ainnata (P) 
Pectinaria goul ii (P) 
Peloscolex ~abriellae (O) 
Peloscolexeterochaetus (0) 
Acteocina canaliculata (G) 
A - Amphipod 
B - Bivalvia 
C - Cumacea 
G - Gastropoda 
I - Isopoda 
0 - Oligochaeta 
P - Polychaeta 
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Table XI-9 
Dominant Macrobenthos of the Oligohaline Zone 
Rhynchocoela 
Unidentified white nemertean 
Polychaeta 
Scolecolepides viridis 
Laeonereis culver1 
Heteromastus filiformis 
Oligochaeta 
Peloscolex heterochaetus 
Bivalvia 
Congeria leucophaeta 
Macoma balthica 
Macoma mitchelli (= phenax) 
Rangia cuneata 
Isopoda 
Chiridotea almyra 
ca;athura eo!ita 
E otea tr1loba 
Amphipoda 
Corophium lacustre 
Gammarus daiberi 
Leptocheirus plumulosus 
Insecta 
Cryptochironomus fulvus 
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Table XI-10 
Dominant Macrobenthos in Tidal Fresh Waters 
Polychaeta 
Scolecolepides viridis (near brackish water) 
Oligochaeta 
Dero gi~itata 
Aii'lor ri us pigueti 
Ilyodrilus templetoni 
Limnodrilu:s cervix 
Limnodrilu.s hoffmeisteri 
Limnodrilu.s udekemanus 
Peloscolex~ multisetosus 
Bivalvia 
Corbicula manilensis (James River) 
Pidisium casertanum 
Rangia ~.eata (near brackish water) 
Amphipoda 
Gammarus fasciatus 
Insecta 
Chaoborus punctipennis 
Chirinomus attenuatus 
Coeloptany~ud scapularis 
Procladius a ombratus 
Proc ladius: culic if ormis 
Hexagenia ·m1.ngo 
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Figure XI-15. Range of "typical" values of the diversity 
index H' for macrobenthos in the Chesapeake 
Bay system. 
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curve envelope indicates "typical" diversity values expected 
within different salinity regimes and generally represents at 
least the range of the central half of the data points. How-
ever, points which fall outside of the envelope should not be 
considered unusual on that basis alone. 
The spe,cies diversity of macrobenthic animals in the 
Chesapeake Bay declines up-estuary in a classic fashion 
(Boesch 1972) with the major decline in the polyhaline-
mesohaline transition zone. Lowest diversity is found in 
the oligohaline zone but only slight increases of diversity 
are found in tidal freshwater benthos. 
Species diversity has been extensively used as an 
index of pollut:ion, particularly in fresh waters. The range 
of "typical" values for moderately and heavily polluted ben-
thic connnunities from the Hampton Roads area (polyhaline Bay 
conditions) and Baltimore Harbor (mesohaline Bay conditions), 
based on the data of Boesch (1973, 1975) and Pfitzenmeyer 
(1971), respect:lvely, are indicated in Figure XI-15. 
c) Biomass and Production 
Benthic biomass data are available for several areas 
in the upper Bay. Pfitzenmeyer (1970) presents macrobenthic 
biomass values for the oligohaline sector above Baltimore. 
During the period of study average dry weight biomass in-
creased from 0.90 g/m2 in September 1966 to 6.42 g/m2 in 
December 1.960 when a dense population of the bivalve Rangia 
cuneata had devE~loped. Subsequent mortality of Rangia 
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reduced the biomass to 1 to 2 g/m2. Pfitzenmeyer (1971) also 
reported extremely low benthic biomass from the polluted 
Baltimore Harbor. At those locations he deemed "polluted" 
the range was 0.01-0.75 g dry wt./m2 (mean 0.20 g/m2), at 
those termed "semi-polluted" 0.01-:-2.10 g/m2 (mean 1.05 g/m2), 
at the "semi-healthy" stations of the outer harbor biomass 
ranged from 1.75 to 6.3 g/m2 (mean 3.16 g/m2). These figures 
were compared against controls in the Chester River where 
mean dry weight biomass was 19.65 g/m2. At a mesohaline 
location off Cove Point, Maryland, Hamilton and La Plante 
(1972) found that ash free dry weight biomass declined from 
an average of 70 to 15 g/m2 from spring through fall in the 
sand bottom community. Where the bivalve Gennna gennna was 
particularly dense, biomass was 100-200 g/m2. In the mud 
bottom community of deeper waters ash free dry weight biomass 
declined during that same period from an average of 14 to 4 
g/m2. 
Few data exist on benthic biomass in the lower Bay 
and virtually all of these are wet weight determinations. 
These data are quite variable both spatially and temporally 
and biomass may be quite high where large infaunal species 
(e.g. bivalves) or dense epifaunal populations are present. 
The production rates of benthos in the Bay have not been 
studied. 
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d) Effiects of Man 
The effiects on benthos of the Bay system of thermal 
additions (Warinner and Brehmer 1966), an oil spill (Bender 
et al. 1974), various dredging operations (Wass et al. 196 7, 
Pfitzenmeyer 1970, Duncan 1974, Boesch and Rackley 1974) and 
multi-source harbor pollution (Boesch 1972, 1973; Richardson 
1971; Pfitzenmeyer 1971) have been studied. For only one of 
these activities, that of thermal additions (Warinner and 
Brehmer 1966), could effects be ascribed to a single point 
source discharg1e. In that case the extent of the detectable 
effect was areally limited and confined to the warmer months 
of the year. 
The two largest areas in which the benthos is dele-
teriously affected and in which point-source effluents are 
of major importance are the Hampton Roads area, principally 
the Elizabeth River, and Baltimore Harbor. Major contrib-
uting sources of pollutants in the Hampton Roads area are 
domestic waste disposal, chemical manufacturing, urban 
runoff and shipping. In addition to these, Baltimore Harbor 
receives wastes from other industrial sources, notably the 
Bethlehem Steel Plant. 
Available data suggest that the sediments of the 
Hampton Roads area and Baltimore Harbor are heavily contam-
inated with var:ious toxic materials, particularly trace 
metals and petroleum. Thus, any recovery of the benthos 
of these systems following the abatement of point-source 
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discharges is expected to lag due to the large reservoir of 
toxicants in sediments. Similarly uncontrolled nonpoint 
sources, such as runoff and shipping-related contamination, 
may continue to contribute substantially to the poor-health 
of the benthos. 
Of man's activities dredging and spoil disposal have 
had perhaps the most widespread impact on benthos in the 
Chesapeake Bay. Fig. XI-16 shows the location of the major 
dredged channels and dredge-spoil disposal areas in the Bay 
system. The many minor channels providing access by small 
boats to creeks and small bays are not shown. The high 
rates of sedimentation experienced in the upper Bay and 
Baltimore Harbor area and in the James River-Hampton Roads 
area necessitate frequent maintenance dredging of navigation 
channels and berths. Sediments from the inner harbors of 
Baltimore and Hampton Roads are contaminated by various toxic 
materials and generally do not meet the criteria set by the 
Environmental Protection Agency for overboard disposal. 
Providing sufficient space for confined disposal of these 
"polluted" spoils has caused critical problems in both areas. 
In addition to channel dredging much dredging has 
been and is being conducted for fill material. These activ-
ities particularly affect shallow sandy bottoms which are 
probably more important in terms of trophic utilization by 
conmercial and sport fisheries than deeper, muddy bottoms. 
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-- SPOIL DISPOSAL SITE 
I D SPOIL DISPOSAL SITE 
(DISCONTINUED) 
===== DREDGED CHANNEL 
Figure XI-16. Locations of major dredged channels and dredge-
spoil disposal sites in Chesapeake Bay. 
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4. Finfishes and Fisheries Products 
There are over 200 species of fish known to occur 
presently in Chesapeake Bay (Musick 1972). Only a small 
fraction of these are of commercial or recreational fisheries 
importance. Population biomass· and abundance data are scanty 
or nonexistent for most species except for localized areas 
in the major tributaries (Musick and Wiley 1972). 
A large body of information exists in records of 
commercial landings of finfish and shellfish. The data do 
not provide a valid estimate of either relative abundance 
or relative biomass for several reasons: (1) these statis-
tics record the location at which the seafood was landed, 
not where caught; in the present instance, landings for the 
Bay include landings for the major tributaries as well and 
it is not possible to identify how much of any species was 
actually captured in the Bay proper; (2) there is no ade-
quate measure of fishing effort associated with the landings; 
therefore catch per unit effort, an abundance measure, cannot 
be determined; (3) these statistics do not indicate the 
magnitude of the effect of economic conditions within the 
industry on fishing effort and hence landings; (4) the large 
number of fishes captured by recreational fishermen are not 
included in the landings. For many species of fish, these 
landings may equal or exceed commercial landings. Never-
theless, commercial landings records viewed with considerable 
caution do give some nebulous idea of long-term abundance 
variations. 
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The major connnercial species (those with landings of 
more than 200 lb/season, excluding freshwater species) and 
pounds landed i.n Maryland and Virginia in 1971 are listed in 
Table XI-11. The rank for the top 15 species in each state 
and the combine:d Bay area are shown in parentheses. 
The single most important species in terms of 
landings throughout the Bay is menhaden, with 69% of the 
total fisheries landings for 1971. Blue crabs rank second, 
oysters third, alewives fourth, and soft clams fifth. These 
five species constituted 96% of the total Bay landings for 
1971. 
In Maryland, the top five species in 1971 landings 
were blue crabs first, oysters second, soft clams third, 
menhaden fourth, and alewives fifth. Together, they repre-
sented 91% of total Maryland landings. The top five species 
in Virginia during 1971 were, in order, menhaden, blue crabs, 
alewives, oysters, and sea herring, which represented 97% of 
the total landings for the state. 
These figures do not accurately reflect the relative 
abundance for the species since they are not adjusted for 
effort, but they do give some idea of the large amounts of 
some species which are present in the Bay. 
For any given species, fisheries data from Maryland 
and Virginia reflect, in general terms, the relative abun-
dance of that species in the two states. Examined over a 
period of years, they also give some idea of population 
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Table XI-11. Landings (in pounds) for major fisheries products in 1971 for 
Chesapeake Bay waters with the ranking for the top 15 species 
in parentheses. 
Maryland Virginia Bay Total 
Alewives 2,811,200 (5) 10,268,100 (3) 13,079,300 (4) 
Bluefish 124,200 (10) 535,800 (11) 660,000 (13) 
Butterfish 700 204,500 205,200 
Cobia 3,100 3,100 
Croaker 210,700 (15) 210,700 
Black Drum 300 68,300 68,600 
Red Drum 600 600 
Eels 234,100 (9) 
Flounder 
1,222,900 (8) 1,457,000 (11) 
Black Back 1,500 34,100 35,600 
Fluke 3,300 136,600 139,900 
Unclass. 
-----
14,400 14,400 
Gizzard Shad 14,800 (15) 51,300 66,100 
Harvest Fish 
-----
77,100 77,100 
Sea Herring 
-----
2,450,200 (5) 2,450,200 (8) 
Hickory Shad 11,200 10,100 21,300 
Hogchoker 2,200 
------ 2,200 
Kingfish 200 15,800 16,800 
Mackerel 
Atlantic 41,900 41,900 
King 7,300 7,300 
Spanish 900 51,000 51,900 
Menhaden 5,957,600 (4) 297,144,900 (1) 303,102,500 (1) 
Mullet (black) 2,000 2,000 
Pigfish 9,900 9,900 
Scup 900 900 
Sea Bass 28,900 28,900 
Sea Trout· 
Gray 71,300 (12) 1,948,900 (6) 2,020,200 (9) 
Spotted 37,700 37,700 
Table XI-11 (Continued) 
Maryland Virginia Bay Total 
Shad 952,400 (8) 1,507,200 (7) 2,459,600 (7) 
Spot 19,200 (14) 448,600 (13) 467,800 (14) 
Striped Bass 2,630,600 (6) 1,052,500 (9) 3,683,100 (8) 
Swellfish 61,100 (13) 380,500 (14) 441,600 (15) 
White Perch 1,507,700 (7) 457,400 (12) 1,965,100 (10) 
Yellow Perch 87,000 (11) 500 87,500 
Total 15,132,000 23.1% 323,835,300 85.2% 338,967,300 76.1% 
Finfish* 
Blue Crabs 27,283,600 (1) 47,286,000 (2) 74,569,600 (2) 
I Clams 
°' w Hard 11,300 927,000 (10) 938,300 (12) 
I Soft 5,886,300 (3) 5,986,300 (5) -------
Oysters 16,959,300 (2) 7,730,800 (4) 24,690,100 (3) 
Total 50,281,200 76.9% 56,073,400 14.8% 106,354,600 
Shellfish* 
Total 65,413,200 379,908,700 445,321,900 23.9% 
Landings* 
* inclusive of categories excluded from species list 
fluctuations within a species. To gain some appreciation 
of long-term trends in populations, landings data for 
Chesapeake Bay were compiled over the period 1955 to 1971 
(1955 to 1971 from Statistical Digests) (Tables XI-12 and 
XI-13). This revealed a variety of patterns of population 
changes over time (for many species, preliminary data for 
1972 and 1973 appearing in Preliminary Annual Sunnnaries were 
also considered). In an attempt to make sense of this array, 
the finfish species were arranged into five categories based 
on life-history features: catadromous species, anadromous 
species, marine species entering the Bay as adults, the 
sciaenids (which spawn at sea, enter the Bay as larvae, 
utilize oligohaline areas as nursery grounds and grow to 
adulthood within the estuary), and estuarine species. 
Several of these groups reveal rather similar population 
trends. 
Catadromous species: 
Only the American eel is in this category. Ini-
tially, landings were about equal in both states, with a 
slight decline from 1955 to 1961-62. Landings in Maryland 
increased slightly to a peak in 1969, and have since been 
declining. A major increase in Virginia landings began in 
1963 and continued until 1971. Catches in 1972-73 have 
been very low, possibly because of incomplete records. 
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Maryland (Chesapeake Bay waters only) (lb X 103) 
1971 1970 1969 1968 1967 1966 1965 1964 1963 1962 1961 1960 1959 1958 1957 
Alewives 2811 2065 3458 3963 2337 1433 2093 1314 1466 2378 2444 3525 4484 4391 3410 
Bluefish 124 58 47 125 14 14 5 2 36 52 15 5 5 21 17 
Croaker 0 (1) 1 (1) (1) 2 2 11 49 586 837 631 1279 
Drum, black (1) 8 3 22 18 89 2 2 13 12 (1) 2 4 1 5 
Eel 234 288 312 265 274 222 195 186 132 113 159 195 279 401 424 
Flounder 
blackback 1 2 17 41 70 28 14 6 (1) 7 
fluke 3 7 3 2. 18 11 16 20 14 9 3 
unclass. 7 19 14 26 51 29 
Gizzard shad 15 9 15 30 13 16 38 11 6 23 15 23 13 31 49 
Hickory shad 11 46 20 7 7 8 13 15 7 7 16 2 11 5 9 
Hogchoker 2 3 7 2 3 (1) 9 4 13 17 17 17 16 7 
Menhaden 5958 3837 3456 4360 3001 5505 8333 5701 3293 4316 3575 2904 2203 2274 2399 
Seatrout 
gray 71 43 9 9 12 5 33 18 6 4 5 5 11 38 94 
Shad 952 1039 1292 957 867 1130 1342 889 826 1575 1815 1333 1481 1900 2356 
Spot 19 527 18 46 247 3 (1) 26 11 26 10 464 66 586 372 
Striped Bass 2631 ' 3688 4876 4190 3706 3297 2939 3298 3743 3978 5387 4408 4349 3105 1858 
Swellfish 61 700 1459 1113 3188 2521 1851 784 968 710 456 373 420 51 (1) 
White Perch 1508 1662 2153 1796 1247 1747 1450 638 1371 1996 1317 876 1102 698 570 
Yellow Perch 87 107 123 135 175 200 215 132 93 133 86 63 65 92 71 
Total* 
Finfish 15132 14490 17647 17598 15763 16788 19238 13647 12465 16100 16448 16020 16603 15328 14407 
Blue crabs 27283 26192 25071 10228 26557 32110 33849 25789 18837 31334 29155 29343 22701 28688 30810 
Clams, hard 11 46 35 42 27 26 63 57 24 10 
soft 5986 6221 7910 5579 5212 7007 7654 8164 6859 6767 4692 5569 4481 3917 2744 
Oysters 16959 16453 14484 14653 16492 11538 8338 7690 7550 7906 9978 11399 11379 11539 13486 
Total 65413 63486 65199 48179 64091 67536 69241 55413 45794 62196 60349 62403 55232 59598 61626 
* includes species not listed above 
Table XI-12. Landings for major connnercial species in Chesapeake Bay waters of 
Maryland for 1955 to 1971. 
1956 1955 
5026 5145 
39 28 
1505 1142 
18 19 
466 448 
58 44 
145 117 
53 13 
10 14 
1375 1940 
187 216 
2092 1464 
257 308 
2150 2572 
so 4 
816 782 
64 62 
16004 15928 
23037 16433 
124 58 
2780 1294 
15844 17272 
57865 51050 
I 
O'\ 
O'\ 
I 
Virginia (Chesapeake Bay waters only) (lb x 103) 
1971 1970 1969 1968 1967 1966 1965 1964 1963 1962 1961 1960 1959 1958 1957 
Alewives 10,268 19,046 30,446 32,319 28,107 28,517 36,200 26,640 26,085 25,293 15,518 15,444 17,438 18,341 18,710 
Bluefish 535 583 208 226 113 202 195 382 596 479 254 84 105 127 136 
Butterfish 205 402 153 331 551 1024 2078 648 694 1076 649 359 480 516 261 
Cobia 3 2 3 4 3 3 10 13 33 21 21 19 36 17 37 
Croaker 211 121 44 4 290 1337 1448 335 26 1228 2930 3582 6766 9745 11,455 
Drum, black 68 17 96 329 189 282 73 63 322 339 223 150 235 55 97 
red 93 5 2 11 11 23 28 33 9 
Eels 1223 1205 762 708 691 468 742 313 440 207 217 184 507 399 339 
Flounder 
blackback 34 57 96 414 508 183 95 25 (1) (1) 
fluke 137 147 51 621 737 28b 478 339 185 218 235 312 462 434 
Gizzard shad 51 5 3 5 16 29 106 75 20 74 97 226 317 900 1229 
Harves tfish 77 31 2 26 44 126 277 103 85 60 203 214 324 302 282 
Hickory shad 10 24 107 14 28 41 35 58 26 44 54 29 19 27 46 
Kingfish 16 65 19 62 24 15 33 23 29 21 135 24 19 26 26 
Mackerel 
Atlantic 42 35 75 417 582 6 5 2 2 10 1 7 7 67 10 
King 7 3 (1) 3 3 7 6 37 10 8 18 5 8 1 
Spanish 51 200 123 59 26 142 73 33 79 14 123 20 18 7 23 
Menhaden 297,145 388,875 134,506 247,570 206,091 237,462 313,271 284,813 226,602 262,765 196,585 202,991 341,302 217,831 78,005 
Mullet (black) 2 (1) (1) 8 1 3 17 40 33 86 29 79 109 62 60 
Pigfish 10 17 7 3 4 6 8 1 3 16 (1) 6 (1) 3 4 
Scup (1) 1 52 28 46 24 6 1 (1) 4 6 8 6 3 
Sea bass 29 52 2 163 188 (1) (1) 5 2 (1) 13 12 15 8 
Trout, gray 1949 1939 781 1116 597 1016 1968 1511 1007 1384 1039 578 539 1025 1498 
spotted 38 43 17 6 4 12 40 23 26 27 94 55 139 57 111 
Shad 1507 4096 2243 2550 2130 2331 2933 2637 2309 2216 1324 1344 1766 2248 2915 
Spot 449 5373 939 1099 4195 1051 1702 3095 1394 2251 1132 3752 3547 4342 2989 
Striped Bass 1053 1015 1660 1550 1540 2749 2210 1886 2743 1927 · 1848 2264 2073 1307 929 
Swellfish 381 583 2318 2634 4544 5232 10267 3956 983 399 532 819 333 124 458 
White Perch 457 264 528 379 391 588 306 266 342 449 432 551 767 744 737 
Yellow Perch (1) 3 2 17 64 29 12 28 • 5 8 4 5 9 
Total* 
Finfish 323,835 429,086 178,183 294,966 255,252 286,051 378,127 329,681 267,145 303,510 226,832 238,512 382,233 262,383 124,784 
Blue Crabs 47,286 41,372 35,611 45,647 56,041 62,961 45,619 46,726 42,948 49,517 40,458 36,768 189,927 17,177 23,746 
Clams, hard 927 422 1903 1869 1860 619 1024 1185 1005 793 692 598 307 256 339 
soft 3 31 398 220 3 3 (1) 29 7 23 
Oysters 7731 7289 7437 7804 9068 8383 10,890 12,105 8686 9390 13,840 13,512 17,844 20,543 17,818 
Total* 
Shellfish 56,073 49,256 45,545 55,809 67,526 72,908 58,139 60,423 53,012 60,170 56,268 50,934 37,305 38,095 42,091 
Total* 379,908 478,342 223,728 350,775 322,778 358,960 436,266 390,104 320,157 363,680 283,100 289,446 419,538 300,478 166,875 
* includes species not listed above 
Table XI-13. Landings for major connnercial species in Chesapeake Bay waters of 
Virginia for 1955 to 1971. 
1956 1955 
22,091 21,834 
· 149 163 
551 856 
23 8 
7202 7995 
80 56 
8 14 
448 425 
2106 2947 
359 301 
50 131 
41 24 
(1) 
16 6 
51,949 7708 
76 67 
8 3 
247 14 
220 30 
2865 3093 
193 101 
3186 3500 
2840 3594 
995 890 
532 454 
738 664 
10 22 
101,701 59,631 
24,715 26,980 
342 541 
38 16 
19,430 19,980 
44,804 47,764 
146,505 107,395 
Anadromous spec :les : 
This group includes the alewife, shad, hickory shad, 
yellow and whit,a perch, and striped bass. The two perch 
species are largely restricted to lower salinity waters and 
perhaps should be grouped with the estuarine species except 
that they spawn in virtually fresh water. 
Trends :in landings differ between the two states 
for much of the period examined. Alewives and shad have 
gradually declined in Maryland, with only short periods of 
recovery, if any. In Virginia, landings of both species 
increased from 1955 to 1969 or 1970, followed by a precip-
itous decline in the early 1970's. Maryland landings of 
the two perch species have increased from stable levels in 
1955-60 to peaks in the period 1962 to 1965 (for yellow 
perch) or 1969 {for white perch) followed by precipitous 
declines. Virg:Lnia landings of both species have declined 
continously since 1955, with only minor peaks corresponding 
in time to Maryland peaks. Striped bass landings increased 
rapidly from.a low in 1957 to a high in 1961, declined 
until 1965, then increased to 1969 followed by a precipitous 
decline until the present. This species is noted for the 
"dominant year-class" phenomenon. Such year-classes were 
observed just prior to each peak landing. The cause of 
this phenomenon remains unknown. Maryland landings of 
hickory shad ha'7e been lower than Virginia's, with peak 
catches in 1956 and 1970. Virginia landings show the same 
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general trend, with major peaks in 1955 and 1969, one year 
prior to th-0se in Maryland. Minor peaks were observed in 
1961 and 1964. 
In sunnnary, all species in this group are at or 
below the lowest levels of other years during the 1955-1973 
period. However, most species show large variations in 
landings during the period with some very striking peaks. 
Data are available for too short a period to assess whether 
present low landings simply reflect periodic lows in popula-
tion abundance for each species, or whether they represent 
a decline in response to environmental deterioration in the 
late 1960's - early 1970's. 
Marine Species: 
Only 4 of the 13 species in this group are landed 
commercially in Maryland; all others are restricted to the 
polyhaline lower Bay. All four are more abundant in Virginia 
than Maryland. 
Three patterns are seen in landings for these 13 
species. In one group consisting of cobia and black mullet, 
landings were variable but high in the period 1955 to 1965, 
and have since declined to less than 10% of former levels. 
A second group, including pigfish, seabass, kingfish, three 
mackerel species, butterfish, swellfish, and fluke, have had 
generally low landings with short periods of high productiv-
ity at infrequent intervals. Several species had peaks in 
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the mid and late 1960's. Present levels for both these groups 
are low. 
The third group, including menhaden and bluefish have 
had a different pattern. Considerable short-term variations 
in landings are apparent, but in general, the landings have 
increased markedly during the period to all-time highs during 
the early 1970's reflecting increased fishing effort. Both 
spawn at sea, but menhaden, like the sciaenids, have nursery 
grounds in the upper portions of estuaries, whereas nursery 
grounds for bluE? fish are located in the Bay mouth or at sea, 
as is true for t:he other marine species. 
Sciaenids: 
This group includes croaker, black drum, weakfish 
(gray sea trout), spotted sea trout, and spot. All spawn 
at sea, but entE?r the Bay as larvae, utilize oligohaline 
areas as nursery grounds, and occur throughout the estuary 
as juveniles and early adults. 
The patterns of landings for these species is not 
uniform. Croakeir declined from 1955 to 1963 and have recov-
ered only recently. Joseph (1972) has hypothesized that 
this decline res:ulted from a lowering of winter temperatures 
rather than detE!riorating water quality conditions as a 
result of pollution. Landings of spotted sea trout and spot, 
both with large short-term variations associated with a short 
lifespan, have citlso declined. The spotted sea trout decline 
was roughly parallel to the decline of croakers, whereas 
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spot exhibited some sharp peaks in abundance in 1967 and 
1970 superimposed on otherwise low levels. No data have 
been located which would suggest a direct correlation of 
decreased landings with increased pollutional loads, al-
though this cannot be ruled out. Certainly in local areas 
such as the James River, there seems to be some relationship 
between reduced populations of spot and increased pollutional 
loads, especially sewage and chlorine. Chlorine is the prob-
able cause of major kills of spot in the James River during 
1972, 1973, and 1974 (Virginia State Water Control Board, 
1974). 
Estuarine Species: 
Three species, gizzard shad, black-back (winter) 
flounder, and hogchoker, fall in this group. Landings of 
gizzard shad fell in the late 19SO's and have remained low 
since that time. Winter flounder have been differentiated 
in the landings only since 1962. With the exception of 
1965-1969, landings have been negligible. The hogchoker 
is probably the single most abundant flatfish throughout 
the Bay system, but is caught connnercially only in Maryland. 
Landings vary greatly over the record period, with major 
peaks in 1955, 1958-1962, and 1972, and a major low in the 
period 1965-1968. 
Despite the potential high vulnerability of those 
species to deleterious conditions in estuaries, no clearcut 
conclusions can be drawn relating abundance to water quality. 
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While gizzard shad landings have declined in recent years, 
the other two species have had major peaks in landings. 
Shellfish: 
All four shellfish species of major connnercial 
importance are basically estuarine species, though they 
are also found in open coastal areas. Like the estuarine 
finfishes, these species should be especially vulnerable 
to deterioration of Bay water quality. 
The blue crab landings in Maryland are generally 
lower than those in Virginia. Since 1955, landings in 
Maryland have been relatively stable with variations 
reflecting rapid responses of a short-lived species to 
variations in natural conditions. Virginia landings show 
the same variability superimposed on an increase in landings 
to 1966 and a slight decline since that time. It should be 
noted that blue crab larvae develop only in the polyhaline 
mouth of the Bay and are not therefore subject to stress 
from point source discharges at present. Juveniles, as 
they migrate up the Bay, are dependent to a large degree 
on grass beds. 
The hard clam fishery is almost exclusively re-
stricted to the upper mesohaline-polyhaline zone. Landings 
were greatest in 1967-1969, and have since fallen to levels 
below that for the 1955-1960 period. The role of shellfish 
closures after establishment of more stringent regulations 
may partly explain the recent decline, since many shellfish 
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closure areas coincide with medium and high density clam 
populations. Tropical Storm Agnes with resultant depression 
of salinity, may have added to the decline in 1972-1973. 
The major factor, however, is probably the economic condi-
tions in the industry, where rising operating costs have not 
been offset by increases in dockside price. Haven and Loesch 
(personal connnunication) believe that this fishery reached 
the maximum sustainable yield level in the late 1960's. 
Increased fishing effort could lead to overexploitation. 
Soft clams are fished connnercially only in Maryland, 
although they occur in Virginia as well. Landings increased 
steadily from 1955 to 1969-1971. A precipitous decline 
occurred in 1972-1973. Disease and salinity lowered by 
Tropical Storm Agnes are two possible explanations. 
The oyster industry is of major importance in both 
states. Combined public and private ground oyster landings 
have declined in both states beginning in 1955. The Maryland 
fishery has recovered, but the decline continues in Virginia. 
The initial decline is attributed to the outbreak of Min-
chinia nelsoni (MSX), a sporozoan disease, during the late 
1950's. The continued decline in Virginia reflects poor 
market conditions which have caused oystermen not to plant 
seed oysters on leased grounds. 
In Virginia, public oyster ground landings and oyster 
spat production more accurately reflect changes in natural 
oyster populations. (In Maryland, landings are predominantly 
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from public grounds). Landings from public grounds in 
Virginia were 3674 x 103 - 4395 x 103 lb from 1955 to 1960. 
Thereafter they declined to 1473 x 103 to 2951 x 103 lb in 
the early 1960's. An initial recovery in the mid and late 
1960's has been followed by a decline in the early 1970's. 
This correlates with a general decline in spat fall in all 
major seed oyster areas from the late 19SO's to the present 
(Haven, personal communication). 
Interpr,etation of the molluscan fisheries data is 
complicated by a number of considerations. The major fishery 
areas for hard clams and most public oyster rocks in Virginia 
are located in tributary estuaries rather than the Bay proper 
(Fig. XI-17). These are coincidentally the major areas sub-
ject to shellfish closure. Thus to some extent, decreased 
landings reflect reductions in the areas naturally productive 
of oysters. The recent oyster disease epidemic and poor 
market conditions further complicate the interpretation. 
The actual abundance of populations has not been measured 
directly. Thus while landings may in part have declined 
as a result of pollution, mainly in the form of fecal coli-
forms, the actual abundance of market-size animals remains 
unknown. 
There are several important noncommercial finfish 
species in Chesapeake Bay, particularly, the munnnichog 
(Fundulus spp.) and silverside (Menidia menidia) used as 
bait in the recreational fishery. The mummichog is notably 
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PUBLIC OYSTER GROUNDS 
PUBLIC CLAM GROUNDS 
CONDEMNED AREAS 
Figure XI-17. Location of public oyster grounds in Maryland 
and Virginia with the location of condemned 
areas superimposed. Not all public grounds 
are presently productive. 
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tolerant of pollutants compared to other finfishes, whereas 
the silverside is a sensitive species. No quantitative data 
is available for these species in the Bay, but they are both 
abundant. Beac:h seine hauls are frequently dominated by one 
or both specie8. 
To gain some appreciation for the present status of 
finfishes in Chesapeake Bay, which s~em to be slowly declining 
in many cases, it is interesting to examine observations re-
ported by early Virginia colonists during the first 100 years 
of European colonization of America. No truly quantitative 
data is available concerning the relative abundance of 
various fin- and shellfish species when white man first 
invaded the Chesapeake Bay. However, one needs to read 
but a few historical accounts from colonial times to realize 
that the abundance of fishes was much higher than at present. 
Some species such as sturgeon, rarely seen within 
the Bay today, were present in such numbers that Andrew 
Barnaby reported in 1759 '' ... that one day, within the space 
of 2 miles, some gentlemen in canoes, caught above 600 
[sturgeon] ••• " by shagging them with hooks (Pearson 1942, 
1943, 1944). These same gentlemen were reported to catch 
5000 shad in a single haul of a seine. In 1608, John Smith 
reported seeing '' ••• fish lying so thick with their heads 
above water .•• t:hat they attempted to catch them with a 
frying pan, no net being available" (Pearson 1942, 1943, 
1944) ! "Neithe~r better fish, more plenty or variety, had 
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any of us seen in any place, swinnning in the water, than in 
the Chesapeake •••• " 
Species lists in many accounts include all presently 
abundant species plus fish which today are rare, such as the 
sturgeon and jewfish. Robert Beverly, in 1705, referring to 
anadromous fishes, said that "no country can boast of more 
variety, greater plenty, or of better in their several kinds" 
(Pearson 1942, 1943, 1944). Thomas Glover, in 1676, indi-
cated that 60 years after establishment of the Virginia 
colonies, no reduction of the fishery resources was apparent. 
Apparently whales were also abundant within the Bay, 
for in 1698, the Council and Burgesses of the General Assembly 
of Virginia reported that, " .•• being sensible to the great 
mischiefs and inconveniences that accrue to the inhabitants 
of ••. Virginia, by killing of whales within the capes thereof, 
••• that by the means thereof great quantities of fish are 
poisoned and destroyed and the rivers also made noisome and 
offensive." This is probably the first report of man-made 
pollution within the Bay, and led the Council to request that 
the king prohibit killing of whales within the Bay to protect 
the fisheries (Wharton 1957). 
The large general decline in abundance of many fish-
eries products in the Bay since the colonial period does not 
appear to have resulted directly from point source discharges. 
Major changes on the land surrounding the Bay have increased 
the sediment loads entering the Bay, producing changes in 
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light availability for phytoplankton and rooted aquatics of 
importance to higher trophic levels as food or habitat. 
High sediment loads· directly affect fisheries species, e.g. 
by smothering oyster beds or by interfering with gaseous 
exchange through disruption of gill membranes in fishes. 
Dannning of tributaries has reduced freshwater inflows into 
the Bay, thereby changing salinity distribution. These dams 
have also preve:nted some species, notably the sturgeon, from 
reaching their spawning grounds (Vladykov and Greely 1963). 
Destruction and modification of marsh areas has resulted in 
loss of productive habitat. Climatic changes within the Bay 
area are believed to have been sufficient to reduce breeding 
success of croaker (Joseph 1972). The overriding factor 
would seem to be exploitation by man, especially during 
recent times wi.th the increase in recreational fishing 
and improved connnercial methods. 
This is not to deny that point source discharges are 
an environmental insult, but rather to say that the effects 
of this stress do not seem to be of sufficient magnitude 
generally to be recognized. The decline in oysters in 
Baltimore Harbor and Patapsco River around the turn of the 
century has been attributed to sewage from the City of 
Baltimore (Anon. 1971). Direct evidence of toxic effects 
however is lacking. High BOD and resultant oxygen sags 
leading to a slow decline of oyster populations seems the 
most logical ex:planation. In the more polluted James River, 
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massive fish kills in recent years have been attributed to 
chlorine in the effluents (Va. State Water Control Board 
1974). Acute effects for many species at all trophic levels 
are observed at extremely low levels of chlorine (Roberts et 
al. 1975 and unpublished data). No similar situations are 
known from the Bay proper at this time. However sublethal 
and chronic effects of various pollutants in point source 
discharges are probable throughout much of the Bay although 
hard data is lacking. 
5. Fecal Pathogens 
Domestic and municipal waste disposal serves as an 
important use of the Chesapeake Bay. As elsewhere, this 
causes public health risks and major conflicts with other 
intended uses of the Bay, principally shellfish growing and 
primary contact recreation. The problem of fecal contamina-
tion of Bay waters is an extremely complex one because of 
the number of sources, many of which are non-point sources, 
and the unusual longevity of fecal microbial indicators in 
the Bay environment. The sources of fecal coliform bacteria 
include sewage treatment plants, industrial discharges, 
warm-blooded animals including livestock and wildlife, and 
inadequate septic systems in unsewered areas. Most shores 
of the Bay are sparsely populated and many communities are 
without sewerage systems. However, many low-lying areas 
have soils of low permeability, often making septic drain 
fields unreliable. 
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A factor that exacerbates the problem of fecal 
pathogen conta.tnination in the Chesapeake Bay is the unusual 
longevity of £,?cal coliforms and probably other pathogens 
in the Bay environment. This results in slower extinction 
coefficients for introduced microbial contaminants and, 
thus, larger contaminated zones around the source. This 
unusual longev:ity is probably attributable to the high 
summer temperatures, great suspended sediment concentra-
tions, and high nutrient availability characteristic of 
Chesapeake Bay waters. 
The states of Maryland and Virginia have extensive 
programs to monitor fecal microbial contamination as indi-
cated by coliform bacteria. The responsible agency in 
Maryland is the Division of General Sanitation of the 
Department of Health and Mental Hygiene and in Virginia 
the responsibility is shared by the State Water Control 
Board (water contact standards) and the Bureau of Shellfish 
Sanitation of the Department of Health (shellfish sanitation 
standards). 
Records are available on concentrations of total 
coliform bacteria and fecal coliform bacteria from each of 
these state agE?ncies. There are some problems with the com-
patability of these data because of differences in technique. 
Also, the limitations on the synopticity and frequency of 
sampling make :Lnterpretation difficult. However, the main 
difficulties in synthesizing and interpreting this huge mass 
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of data are the very size of the data sets and the extreme 
variability in the data at particular locations. Thus, 
instead of presenting ranges, averages or other statistics, 
which would have little meaning, we will concentrate our 
description and analysis of contamination by fecal pathogens 
on an assessment of areas closed to shellfishing or primary 
contact recreation by regulatory agencies. 
a) Coliform standards 
The standard employed for waters designated for 
primary contact recreation is essentially the same for both 
states. It is a log mean (30-day period) concentration of 
fecal coliforms of 200/100 ml and not to exceed 400/100 ml 
in 10% of samples taken. The standard.used for shellfish 
growing areas in Virginia has been a log mean of total 
coliforms of 70/100 ml. The state of Maryland has recently 
used a standard of 14 fecal coliforms/100 ml and Virginia 
is apparently following suit, although this has not yet 
affected the status of shellfish growing area condemnations. 
b) Effects on contact recreation 
The responsibility for closure of areas to primary 
contact recreation because of fecal contamination is largely 
vested in local (county or municipal) authorities. Thus, 
complete and accurate reports of areas closed are often 
difficult to obtain. Although primary contact recreation is 
banned at a few locations in the Bay system, these closures 
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are extremely limited in extent and their net impact compared 
with shellfish closures is trivial. 
In Maryland, several beaches on the Potomac River 
below Washington to Morgantown are closed. The other closed 
areas are small segments of the Nanticoke (Sharptown) Choptank 
(near CambridgE~), Patuxent (Benedict) and Patapsco rivers. 
No portions of the Chesapeake Bay system in Virginia 
are currently closed to primary contact recreation. 
More extensive areas have been closed temporarily 
while hazardous conditions have existed. Inadequate sewage 
treatment has periodically caused closures, e.g. temporary 
closure of resort beaches in the Ocean View-Lynnhaven area 
of Norfolk and Virginia Beach. Primary contact recreation 
was banned virtually throughout the Bay in the aftermath of 
Tropical Storm Agnes in 1972. However, waters were gradually 
reopened during the following weeks (Lynch and Jones 1974, 
Anderson 1974). 
c) Effects on shellfish growing 
The closure of portions of the Chesapeake Bay to 
direct harvesti.ng of shellfish by Maryland Department of 
Health and Mental Hygiene and the Virginia Department of 
Health because of potential contamination by fecal pathogens 
is perhaps the most tangible and quantifiable impact of pol-
lution on conune;rcial and sport fishing. The importance of 
the issue merits keen awareness of surveillance and regula-
tory procedures by state agencies on the part of watermen's 
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organizations, recreational users and elected representatives. 
Maintaining a balance between fishery resource availability 
and public health safety necessitates dynamic regulation of 
shellfish growing areas by the regulatory agencies. This 
requires frequent monitoring and periodic opening and closing 
of areas to shellfishing depending on climatological, hydro-
logic, seasonal and waste loading conditions. 
The areas in the Chesapeake Bay system presently 
closed to direct harvesting of shellfishing are shown in 
Fig. XI-17. Sunnnaries of the total areas under condemnation 
are presented in Table XI-14. 
Several differences in reporting procedures between 
agencies in Maryland and Virginia limit the comparability of 
data on shellfish area condemnations. In Virginia, statis-
tics are kept on total water surface area under condemnation. 
(Virginia State Water Control Board, 1971). The area of 
actual or designated shellfish tracts within the condemned 
areas is not specifically reported. Thus, although data on 
acreage of public and leased grounds by growing areas are 
available, the areas of shellfish grounds lost due to con-
demnation are not separately recorded. Data provided by 
Maryland agencies, on the other hand, do include statistics 
on the acreage of designated shellfish grounds under 
condemnation. 
From the data provided by the Virginia Bureau of 
Shellfish Sanitation, we were able to determine the relative 
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Table XI-14. Total areas closed to the direct harvesting of shellfish. 
MARYLAND 
ChesaEeake Bay and Tributaries Potomac River Total 
Condemned Public Oyster Bar 28,620 238 28,858 
Condemned Private Oyster 534 148 682 
Grounds 
Condemned Public Clam Bar 1,411 0 1,411 
Total Condemned Shellfish Areas 30,565 386 30,951 
I Total Condemned Water Area 325,864 2,545 328,409 00 
w 
I 
VIRGINIA 
Shellfish Production of Chesapeake Rappahannock York James Potomac 
Growing Area Bay River River River River Total 
Good 2,913 2,413 
-----
5,904 2,140 13,370 
Oysters Fair-Poor, 
Clams Good 3,014 
----- -----
98,842 ----- 101,855 
Oysters Fair-Poor 
Seed Prod. Good ----- ----- ----- 4,710 ----- 4710 
Fair to Good 252 
-----
1,571 
----- -----
1823 
Fair 3,399 
-----
7,514 
-----
1,161 12,074 
Poor 7,824 21,754 1,495 ----- 13,867 44,940 
Total Condemned 17,402 24,167 10,580 109,456 17,168 178,772 
Water Area 
shellfish productivity of the shellfish growing areas on a 
rough scale of good, fair, poor, etc. This allows separate 
consideration of closed areas in unproductive regions and 
allows qualitative assessment of the effect of shellfish 
ground closures on the resource. 
There are presently about 507,000 acres in the Bay 
system where direct harvesting of shellfish is prohibited. 
This represents roughly 30% of potential shellfish growing 
area in the Bay (Table XI-14). 
A total of 328,409 acres in Maryland waters is 
condemned and this includes 30,951 acres of designated 
shellfish grounds, over 97% of which are "public" grounds. 
In Virginia, 178,772 acres are condemned but the amount of 
designated grounds included is unknown. Of this condemned 
acreage, 9% is in shellfish growing areas designated as good 
for oysters and about an equal amount is in areas designated 
as fair. Most of the acreage (56.5%) is in growing areas 
where there is virtually no potential at present for shell-
fish growing. These include high salinity areas, where 
oysters are not present in commercially exploitable quant-
ities due to disease and predators, and large areas in very 
low salinity in the James, Rappahannock and Potomac rivers. 
Another large condemned area (about 20% of the total for the 
state) lies in the Hampton Roads area where, although oysters 
are unproductive, hard clams are abundant. 
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The vast majority of the condemned area in the Bay 
system lies in the major tributaries of the western shore, 
i.e., the Patuxent, Potomac, Rappahannock, York and James 
rivers. Excludling these, only small areas of the Bay are 
condemned in Vi.rginia and these lie in the smaller rivers 
and creeks along the Bay shore. In Maryland, however, large 
areas in the Bay proper are closed and substantial shellfish 
grounds in the Eastern Shore tributaries are condemned. 
The amount of area closed to the direct harvesting 
of shellfish has steadily increased during the 1950's and 
1960' s. This i.s attributable mainly to more diligent and 
stringent regulation rather than greatly worsening condi-
tions. The pre:sent trends in extent of condemnation are 
mixed. Recent action by the Virginia Bureau of Shellfish 
Sanitation has closed considerable area in the York River 
and some of the smaller tributaries to the south of the 
York River mouth. The worsening coliform conditions there 
are attributable to increased direct loading and septic 
system failures and overloading in this largely unsewered 
region. In Maryland while certain areas are being condemned, 
principally due to septic system contamination, the total 
acreage of condemned areas has declined in the last few 
years due to (1) the implementation of a fecal coliform 
rather than a total coliform standard and (2) upgrading 
treatment at inadequate sewage treatment facilities (notably, 
the Cambridge treatment plant on the Chester River). The 
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experience of reduction of fecal coliform contamination 
following plant improvement to comply with new discharge 
standards is one of the few pieces of direct evidence that 
implementation of effluent limitations and standards may 
have tangible beneficial results in the Chesapeake Bay. 
This will be more thoroughly discussed in Chapter XIII. 
6. Wetlands 
The low profile of the land adjacent to Chesapeake 
Bay allows the development of extensive marsh areas of 
various types. An inventory of the wetland areas of 
Maryland was recently presented by Metzgar (1973). The 
present total wetland acreage and the acreage lost since 
1942 is shown in Table XI-15. The total wetland acreage 
lost in the Bay counties plus Baltimore City is almost 
11,000 acres or 4.2% of the wetlands present in 1942. In 
absolute terms, the greatest loss has occurred in Wicomico 
County, whereas by far the greatest percent loss has occurred 
in Baltimore City. 
In Tables XI-16 and XI-17, the present wetland acre-
age and the acreage lost by wetland type for each Maryland 
county are presented. The wetlands are more extensive on 
the eastern than the western Bay shore. The major wetland 
types are coastal salt meadow, coastal irregularly flooded 
marsh, coastal shallow fresh marsh, and wooded swamp. Wet-
land types which have experienced the greatest percent loss 
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Table XI-15. Total wetland acreage in Maryland counties bordering Chesapeake Bay 
(From Metzgar, 1973). 
Present 
No. of Locat. Wetland Acreage+ Publicly % of 
County over 5 acres Acreage lost owned county area % loss 
Anne Arundel 136 7,161 523 25% 2.7 6.8 
Baltimore 62 3,070 615 33% 1 16. 7 
Baltimore City 1 63 150 0 0.1 70.4 
Calvert 62 4,259 157 1% 3 3.6 
Cecil 88 3,322 618 16% 2 15.7 
Dorchester 94 121,396 974 19.4% 32.7 0.8 
Harford 39 8,424 807 73% 2.2 8.7 
Kent 90 7,358 433 11% 4 5.6 
Queen Anne's 178 8,264 1,773 3% 3 17.7 
Somerset 37 57,966 709 29% 27 1.2 
Talbot 145 8,601 1,169 1.7% 5 12.0 
Wicomico 57 18,926 3,051 17% 8.0 13.9 
TOTAL 989 248,810 10,979 4.2 
+ From U.S.G.S. maps dating back to 1942, but losses were mainly from 1958-1968. 
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Table XI-16. Acreage of Existing Wetland Types in Maryland Counties Bordering Chesapeake 
Bay. (From Metzgar, 1973). 
County 2 3 5 6 7 12 13 14 16 17 18 TOTAL 
Anne Arundel 33 412 580 3,862 1,929 24 321 7,161 
Baltimore 8 181 80 67 2,734 3,070 
Baltimore City 63 63 
Calvert 154 17 948 2,222 43 875 4259 
Cecil 143 126 653 2400 3322 
Dorchester 752 1,916 28,299 27,296 26,252 36,881 121,396 
Harford 8,424 8,424 
Kent 135 484 506 591 3,382 116 2,144 7,358 
Queen Anne's 27 34 113 71 1,648 1,759 46 416 3,816 334 8,264 
Somerset 36 9 3,435 712 27,270 26,504 57,960 
Talbot 44 359 4,135 3,143 653 267 8,601 
Wicomico 419 792 4,100 398 10,945 2,272 18,926 
TOTAL 68 169 2,694 4,141 43,962 55,454 46 599 74,766 66,644 267 248,810 
Wetlands types included here are: 2 - meadows, 3 - inland shallow fresh marsh, 5 - inland 
open fresh water (not reservoirs, 6 - shrub swamp, 7 - wooded swamp, 12 - coastal shallow 
fresh marsh, 13 - coastal deep fresh marsh, 14 - coastal open fresh marsh, 16 - coastal salt 
meadow, 17 - coastal irregularly flooded salt marsh, and 18 - regularly flooded salt marsh. 
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Table XI-17. Acreages of wetland types* lost in Maryland counties bordering Chesapeake 
Bay. (From Metzgar, 1973). 
County 2 5 6 7 12 14 16 17 18 TOTAL 
Anne Arundel 9 82 282 118 32 523 
Baltimore 101 514 615 
Baltimore City 150 150 
Calvert 91 66 157 
Cecil 3 37 578 618 
Dorchester 13 90 93 186 592 974 
Harford 807 807 
Kent 85 3 213 5 127 433 
Queen Anne's 675 115 105 67 677 134 1773 
Somerset 7 73 3 603 23 709 
Talbot 7 194 566 321 81 1169 
Wicomico 42 2624 29 336 20 3051 
TOTAL 675 25 354 3772 2217 72 2593 1090 81 10979 
* Wetland types included here are: 2- meadows, 5 - inland open fresh water (not 
reservoirs), 6 - shrub swamp, 7 - wooded swamps, 12 - coastal shallow fresh marsh, 
14 - coastal open fresh marsh, 16 - coastal salt meadow, 17 - coastal irregularly 
flooded salt marsh, and 18 - regularly flooded salt marsh. 
since 1942 are meadows, regularly flooded salt marsh, coastal 
open fresh marsh, shrub swamp, and wooded swamps in that 
order. 
The data regarding Virginia wetlands has not pre-
viously been compiled by county and wetland type. Data 
presented in Wass and Wright (1969) was used to generate 
Table XI-18 which lists wetland acreages as marsh or tidal 
flat for sections of the Virginia Bay coast. These figures 
do not include marshes located above the mouth of the 
Potomac, Rappahannock, York and James rivers or marshes 
on the ocean side of the Eastern Shore, which are extensive 
(there are an estimated 237,200 acres of marsh and wooded 
swamp in Virginia as a whole according to Wass and Wright 
1969). 
Settle (1969) reported a total loss of 4,026 acres 
from 1955 to 1969 in the entire coastal Virginia area. It 
is not possible to determine the acres lost specifically 
from the Bay. Settle (1969) estimated that this loss was 
only 1.2% of the available wetlands in the state. Most of 
this loss was observed in coastal fresh shallow marshes 
(48.7%). The major cause of wetland loss was channelization. 
Although the rate of loss increased from 1955 to 1969, the 
present rate of loss is much reduced by the Virginia Wetlands 
Act of 1972 which was designed to reduce encroachment by man 
on Virginia wetlands. 
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Table XI-18. Wetlands of Bayside areas of Virginia 
(derived from Wass and Wright 1969). 
Marsh Tideflats 
Western Shore, 
Potomac to Rappahannock 1,821 220 
Rappahannock. to York 5,483 3,689 
York to James 4,470 371 
Hampton Roads 2,290 1,160 
Norfolk to Cape Henry 238 437 
Total 14,302 5,877 
Eastern Shor•~, 
Bayside 17,706 440 
Virginia totals 3"2,008 6,317 
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Virginia marshes are presently being inventoried in 
greater detail on a county-by-county basis. Twelve marsh 
types, based on dominant vegetation, have been identified 
(Table XI-19) and the acreages of each type are being com-
piled for each Virginia county. The only presently available 
detailed report is that for York County {Silberhorn 1974). 
Several additional detailed county inventories should be 
available within a year. The acreages of each marsh type 
found in York County are presented in Table XI-20. Especially 
significant in this inventory is the inclusion of marshes of 
less than one acre whereas previous inventories in the Bay 
have ignored marshes less than 5 acres in area. Some areas 
of Virginia have a large number of such small marshes. 
The productivity of Maryland marshes has not been 
reported in the literature. Only a single study of produc-
tivity in Virginia marshes has been reported (Mendelssohn 
1973). An oligohaline and a mesohaline marsh were found to 
have a productivity of 563 g/m2/yr and 572 g/m2/yr. Average 
productivity in nearby North Carolina has been estimated at 
upwards to 5365 kcal/m2/yr (1297 g/m2/yr; Stroud and Cooper 
1969). Production in Virginia and Maryland is lower probably 
because of a shorter growing season. 
Marshes are of great ecological importance as a food 
source and/or habitat for a variety of species. Detritus 
derived from decaying saltmarsh plants and washed into the 
open estuary is an important food source for many estuarine 
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Table XI-19. Marsh Types and Their Environmental Contributions. (Edited from 
Guidelines for Activities Affecting Virginia Wetlands). 
Type I Saltmarsh Cordgrass Connnunity 
Type II 
Type III 
Type IV 
a. 
b. 
,., 
'"' . 
d. 
e. 
Average yield 4 tons per acre per annum. (Optimum growth up to 
10 tons per acre.) 
Optimum availability of detritus to the marine environment. 
Dr'\."f-,:, "'"lr"li,t ... h.:r,"'..,....""'" ,..,..,....,.,..., ...... k. ....... _ .. .,...,-"' ... .t:,,_, .. _ .. 1 .,... .... A,.,,-.,...., ........ ,, ... ,.,"A.: ...... ._... .... ,.,1 ..... .-..+-
.1.'\.vv~o C.LLU. .LLL.LL,VULCO CQL.CLl uy WC1L.C.L.LVW.L C1LLU OL.ClllO uocu .LLL lllUO~.LCl.1.,. 
lodge construction. Also serves as nesting material for various 
birds. 
Deterrent to shoreline erosion. 
Serves as sediment trap and assimilates flood waters. 
Saltmeadow Conununity 
a. Yields 1-3 tons per acre per annum. 
b. Food (seeds) and nesting areas for birds. 
c. Effective erosion deterrent. 
d. Assimilate flood waters. 
e. Filters sediments and waste material. 
Black Needlerush Corrnnunity 
a. Provides 3-5 tons per acre per year. 
b. Highly resistant to erosion. 
c. Traps suspended sediments but not as effective as Type II. 
d. Somewhat effective in absorbing flood waters. 
Saltbush Community 
a. About or less than 2 tons per acre per annum. 
b. Nesting area for small birds and habitat for a variety of 
wildlife. 
c. Effective trap for flotsam. 
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Table XI-19 (Continued) 
Type V Big Cordgrass Community 
a. Yields 3-6 tons per acre per annum. 
b. Detritus less available than from Type I. 
c. Habitat for small animals and used for muskrat lodges. 
d. Effective erosion buffer. 
e. Flood water assimilation. 
Type VI Cattail Conununity 
a. 2-4 tons per acre per annum. 
b. Habitat for birds and utilized by muskrats. 
c. Traps upland sediments. 
Type VII Arrow Arum-Pickerel Weed Connnunity 
a. 2-4 tons per acre per annum. 
b. Detritus readily available to marine environment. 
c. Seeds eaten by wood ducks. 
d. Fragility necessitates preservation. 
Type VIII Reed Grass Community 
a. 4-6 tons per acre per year. 
b. Little value to wildlife except for cover. 
c. Invades marshes and competes with more desirable species. 
d. Deters erosion on disturbed sites. 
Type IX Yellow Pond Lily Community 
a. Less than 1 ton per acre per annum. 
b. Cover and attachment site for aquatic animals and algae. 
c. Feeding territory for fish. 
I 
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Table XI-19 (Continued) 
Type X Saltwort Community 
a. Less than .5 tons per acre. 
b. Little value to aquatic or marsh animals. 
Type XI Freshwater Mixed Community 
a. Yields 3-5 tons per acre annually. 
b. High diversity of wildlife. 
c. High diversity of wildlife foods. 
d. Often associated with fish spawning and nursery grounds. 
e. Ranks high as a sediment trap and flood deterrent. 
Type XII Brackish Water Mixed Community 
a. Provides 3-4 tons per acre annually. 
b. Wide variety of wildlife foods and habitat. 
c. Deterrent to shoreline erosion. 
d. Serves as sediment trap and assimilates flood waters. 
e. Known spawning and nursery grounds for fish. 
Table XI-20. Acreages of marsh in York County, 
Virginia by marsh type. 
Marsh Type* Acreage 
I 1679.0 
II 159.9 
III 178.8 
IV 4.5 
V 22.0 
VI 1.0 
VII 4942.0 
Unclassified 10.0 
Total 6997.2 
* see Table XI-19 for definitions 
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invertebrates. Marshes are important nursery ground areas 
for many finfis:hes. It is also a habitat for many water-
oriented bird species. Further loss of marsh habitats would 
seriously affect both commercial fisheries and wildlife 
populations. 
7. Wildlife 
The diverse avian fauna of the Chesapeake Bay region 
includes 107 species having a close association with the 
aquatic environment (Table XI-21). This list was compiled 
from various sources, principally Wass (1972), Stewart and 
Robbins (1958), reports in "American Birds", and records of 
the U. S. Fish and Wildlife Service. 
The relative abundance of these species in qualita-
tive terms is shown in Table XI-21. Truly quantitative data 
for these motile species are difficult to collect. The prob-
lem is compounded by the reliance on amateur bird watchers, 
with their varying abilities and interests, for a significant 
portion of the information on bird populations. It seems 
clear however that the abundance of some species differs 
markedly betweein the upper and lower Bay areas, and for a 
few species between eastern and western shores. These 
differences reflect different habitat and food requirements. 
Those birds whi.ch breed within the Bay area are also noted 
in the table. 
The final column tabulates a qualitative estimate 
of population status for most species. The status of each 
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Table XI-21. Breeding and Seasonal Abundance of the Wetland Birds of Chesapeake Bay 
and Adjacent Shores and Marshes. 
Lower Chesapeake Bay . Upper Chesapeake Bay 
s ;pec1es S w· M. ES WS um in 1g S w· M. ES WS um 1n 1g Stat. 
Common Loon r C a p p r C a p p si 
Red-throated Loon C a P+ P- r u p P- st 
Red-necked Grebe s s p P- r s p P-
Horned Grebe r a a p p C a p p sd 
Pied-billed Grebe lsb unc unc p P- lub u C p p st 
Wilson's Storm Petrel C p p r p p st 
Gannet r u p A u p P-
Double-crested Cormorant s s C p p u u fc p p sd 
Great Blue Heron cb C a P- P+ C C a p P+ si 
Green Heron cb r C p p cb C p p st 
Little Blue Heron lcb u C P+ P- lcb r C p p st 
Louisiana Heron fcb s C P+ P- lub r fc p P- mi 
Key: 1) Seasonality: b - breeding, ca - casual, r - rare, s - scarce, u - unconnnon, 
fc - fairly connnon, c - connnon, a - abundant, 1 - local; 
2) Status: gd - greatly decreasing, md - moderately decreasing, sd - slowly 
decreasing, st - stable; si - slowly increasing, mi - moderately increasing, 
gi - greatly increasing; 
3) Presence: P = present, P- = present in lower numbers than on opposite shore, 
P+ = present in higher numbers, A = absent or nearly so. 
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Table XI-21 (Continued) 
s ,pec1.es 
Cattle Egret 
Great Egret 
Snowy Egret 
Black-crowned Night Heron 
Yellow-crowned Night Heron 
Least Bittern 
American Bittern 
Glossv Ibis 
Mute Swan 
Whistling Swan 
Snow Goose 
Canada Goose 
Brant 
Wood Duck 
European Wigeon 
American Wigeon 
Lower Chesapeake Bay 
S w· M. ES WS um in ig 
cb r C P+ P-
cb lu C P+ p 
ch r a P+ p 
fcb u fc P+ p 
lub r u p p 
ub fc p p 
rb s fc p p 
ab r C P+ P-
sb A A 
a a p p 
le u p A 
r C a p P-
lfc u p P-
cb u fc P- p 
r r p A 
r C C p p 
Upper Chesapeake Bay 
S w· M. ES WS um in ig Stat. 
ab r a P+ P-
cb r C P+ P- I:: 
cb r a P+ P- I -~ ::; .1. 
fcb lfc fc p p st 
lsb r u P+ p sd 
fcb r C P+ p st 
ub u fc p P- sta 
ab u fc P+ P- gi 
lrb s s p P- gi 
r a a p p si 
s u P- A le 
u a a P+ p gi 
lfc fc p A sd 
fc u C P- p st 
r r p p 
le la p p gd 
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Table XI-21 (Continued) 
Species 
Gadwall 
Green-winged Teal 
Mallard 
Black Duck 
Pintail 
Blue-winged Teal 
Shoveler 
Canvasback 
Redhead 
Ring-necked Duck 
Greater Scaup Duck 
Lesser Scaup Duck 
Connnon Goldeneye 
Connnon Eider 
King Eider 
Harlequin Duck 
Lower Chesapeake Bay 
Sum Win Mig ES WS 
ub u u p p 
r u u p p 
ub fc fc P- p 
fcb C C p p 
u u P- p 
fc p p 
r r P- p 
r fc fc p p 
u u p p 
r r P- p 
a a p p 
a a p p 
C C p p 
r r p p 
r r p p 
r r A p 
Upper Chesapeake Bay 
s w· s ws um in Mi.g E Stat. 
fcb fc C p P+ st 
fc C p p md 
ub fc fc p p md 
cb a a P+ P- md 
r a a p p gd 
fcb C P+ p md 
u u p P- gd 
r C a p p sd 
r C C p p st 
u fc p P+ gd 
ca fc fc p p md 
ca C C p p md 
ca C C p p gd 
A A mi 
A A mi 
A A 
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Table XI-21 (Continued) 
s ipec1es 
Bufflehead 
Oldsquaw 
White-winged Scoter 
Surf Scoter 
Black Scoter 
Ruddy Duck 
Hooded Merganser 
Common Merganser 
Red-breasted Merganser 
Golden Eagle 
Bald Eagle 
Marsh Hawk 
Osprev 
Peregrine Falcon 
King Rail 
Clapper Rail 
Lower Chesapeake Bay 
s um 1n 1g ES WS 
a a p p 
a a p p 
fc C p p 
a a P+ p 
C a P+ p 
u a a p p 
r r P- p 
r r P- p 
s a a P+ p 
r r P- p 
sb u u A p 
sb C C P+ p 
ch r C p p 
r p .. -
uh r fc p 
uh fc a P+ p 
Upper Chesapeake Bay 
S w· M. ES WS um 1n 1g Stat. 
ca C a p p gi 
ca C C p p md 
r fc C p p gd 
fc C p p gd 
u fc p p gd 
r fc la p p mi 
r fc C p P- st 
ca fc C p p st 
ca fc fc p p sd 
r r p p st 
ub fc fc p p si 
ub C C P+ P- st 
cb r C p p si 
r p P- gd 
fc fc fc P- p st 
uh ca ul P- P- st 
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Table XI-21 (Continued) 
Species 
Virginia Rail 
Sora 
Yellow Rail 
Black Rail 
Purple Gallinule 
Conunon Gallinule 
American Coot 
American Ovstercatcher 
Semipalmated Plover 
Killdeer 
Black-bellied Plover 
Conunon Snipe 
Willet 
Spotted Sandpiper 
Greater Yellowlegs 
Lesser Yellowlegs 
Lower Chesapeake Bay 
Sum Win Mig ES WS 
ub s u P- p 
rb r a P- p 
r p p 
fcb r fc p p 
r r A p 
lub s fc A p 
r le fc p p 
rb r u p P-
r fc p p 
cb C fc p p 
r r fc p P-
fc C p p 
ub u C P+ p 
r C p p 
fc C p p 
u C p p 
Upper Chesapeake Bay 
Sum Win Mig ES WS 
cb C C P- p 
lrb r C p P-
r p p 
lcb u p P-
ca A p 
uh r u ,P P-
r le le p p 
s s u p A 
r r fc p p 
C C a p p 
fc fc p p 
u fc p p 
lcb u C p P-
fcb ca C p P-
r u C p p 
ca r C p p 
Stat . 
sd 
st 
st 
st 
gd 
sd 
st 
st 
st 
sd 
si 
st 
st 
st 
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Table XI-21 (Continued) 
s ;pec1.es 
Short-billed Dowitcher 
Dunlin 
Pectoral Sandpiper 
Least Sandpiper 
Western Sandpiper 
Sanderling 
Stilt Sandpioer 
Semipalmated Sandpiper 
American Avocet 
Glaucus Gull 
Iceland Gull 
Great Black-backed Gull 
Herring Gull 
Ring-billed Gull 
Laughing Gull 
Bonaparte's Gull 
Lower Chesapeake Bay 
Sum W1.n M1.g E s ws 
r C p P-
r fc fc p P-
fc P- p 
u s C p p 
s fc P+ p 
fc fc P+ P-
fc p p 
fc C p p 
s p p 
r r p p 
r r p p 
fc C la P+ p 
cb a a P+ p 
fc a a p p 
a s a P+ p 
r u a P+ p 
Upper Chesapeake Bay 
s w· s ws um in M1.g E Stat. 
ca fc P+ p 
r fc fc p p st 
fc p p si 
u s C p p st 
fc p p st 
r u p P- st 
uu p P- si 
r C p p st 
r p p si 
r r p p 
r r p p 
s fc C P+ p gi 
llcb a a p p gi 
u C a p p st 
lub r C p P- si 
r u fc p p st 
-
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Table XI-21 (Continued) 
s ,pec1.es 
Gull-billed Tern 
Forster's Tern 
Conman Tern 
Least Tern 
Raval Tern 
Sandwich Tern 
Caspian Tern 
Black Tern 
Black Skinnner 
Belted Kingfisher 
Fish Crow 
Long-billed Marsh Wren 
Short-billed Marsh Wren 
Sharo-tailed Sparrow 
Seaside Sparrow 
Lower Chesapeake Bay 
S w· M. ES WS um in 1.g 
ca r u p P-
lab fc a P+ p 
C r C P+ p 
fcb fc p p 
a s a P+ p 
r u p A 
r ca fc p ·p 
C p p 
fc r s p A 
cb C C p p 
cb C a P+ p 
ab u a P- P+ 
rb u u p P-
lsb fc C P+ p 
ab u a P+ P-
Upper Chesapeake Bay 
S w· M. ES WS um in 1.g Stat. 
ca ca ca p p sd 
lcb r C P+ p mi 
lcb r fc p p si 
fcb a p p gd 
ca u p p st 
A A si 
r ca u p p sd 
u p p st 
ca ca p p st 
fcb fc fc p p st 
fcb u C p P- si 
ab fc a p p st 
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species and the causes for population changes will be dis-
cussed in greater detail in a subsequent section. It should 
be pointed out at this point that statements of status are 
derived from several measures of population change and are 
not a purely subjective view. The absence of quantitative 
records over long periods and the variations in migratory 
patterns for many species preclude a more precise definition 
of population status. 
Additional information on migratory periods and 
breeding periods are summarized in Fig. XI-18 for 84 abundant 
species in the Bay area. All wading bird species (herons, 
bitterns and ibis) listed are known to breed in the Bay. 
The Cattle Egret, which first appeared in Florida about 20 
years ago, has rapidly extended its breeding range northward 
to Canada. The Cattle Egret has become one of the predom-
inant species breeding in Maryland since the first nest was 
observed in 1960. This species is still increasing rapidly. 
The Glossy Ibis has also rapidly expanded its breeding range 
northward and now is a dominant breeder in the Bay. Scott 
and Cutler (1973) reported that 439 Cattle Egret nests, 400 
Glossy Ibis nests, and 368 Great Blue Heron nests were found 
among 2500 wading bird nests located in Dorchester and 
Somerset counties, Maryland. Only 5 duck species nest 
within the Bay area, the Mallard, Black Duck, Gadwall, 
Blue-winged Teal, and Wood Duck. All other duck species 
are predominantly winter residents. 
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Figure XI-18. Graphical presentation of migratory periods, 
egg production periods, and periods when 
young occupy nests for water-oriented birds 
found in Chesapeake Bay. 
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The Bald Eagle, Marsh Hawk, and Osprey all breed in 
the Chesapeake Bay region. Prior to 1960, nesting success 
of the Bald Eagle had markedly declined, largely as a result 
of habitat loss and egg-thinning due to DDT. However, during 
the 1960's and early 1970's nesting success improved in the 
mid Atlantic region, including Chesapeake Bay (Table XI-22). 
Abbott (1974) reports that this trend toward improved nesting 
success continued during 1974 in the Chesapeake Bay area. 
The level of nesting success is still discouragingly low, 
but the Bald Eagle does seem to be recovering slowly. Osprey 
breeding has also been depressed to less than replacement 
levels. Surveillance by Jan Reese (Maryland) and Mitchell 
Bird (Virginia) reveal that in 1974, reproductive success 
exceeded replacement levels for the first time since concern 
was expressed. The Marsh Hawk has ceased to nest in the Bay. 
The endangered Peregrine Falcon formerly bred in the Ches-
apeake Bay region but is presently known from the region only 
as a migrant. This species has been reared in captivity by 
Thomas Cade at Cornell University. Plans have been made to 
release birds in the Appalachians and at Fort Belvoir on 
Chesapeake Bay in the hopes of reestablishing breeding 
colonies. 
Various shorebirds and gulls also nest within the 
Bay. All shorebirds except the Killdeer require undisturbed 
wetlands. Only the Killdeer, Willet and Spotted Sandpiper 
connnonly nest in the Bay area. Among the gulls, the Herring 
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Table XI-22. Bald Eagle Nesting Success in the mid-Atlantic Region (eastern Virginia, 
eastern Maryland, Delaware, southern New Jersey and southeastern 
Pennsylvania) (compiled from American Birds). 
Successful 
Active Successful Young nests/ Young/ Total young/ 
nests ..-,,.oot-o .,..,. ..... nrl11t"orl !ll"f-.;·e70 no~f-~ ::ll"'f-iu,::i, n,::i,~f-~ successful nests 1.1.~.,;, 1,,.-.;, t:: .... "" ................. '-"'-1- ................. y '-- ..... ""'"'..,, ,..,.....,.. 
1962 57 2 2 .04 .04 1.00 
1963 35 3 3 .09 .09 1.00 
1964 86 7 9 .08 .10 1.29 
1965 45 7 9 .16 .20 1.29. 
1966 31 3 3 .10 .10 1.00 
1967 32 1 1 .03 .03 1.00 
1968 47 9* 11* .19* .11 1.22 
1969 49 19 29 .39 .59 1.52 
1970 54 16 21 .30 .39 1.31 
1971 56 20 25 .36 .4 7 1.25 
1972 48 17* 20 .35 .42 1.18 
1973 65 23 39 .35 .60 1. 70 
* Adjusted on the basis of nests revisited. 
Gull has large nesting colonies although it first nested in 
the Bay area in about 1948. Breeding colonies of the Laughing 
Gull and Forster's Tern still outnumber those of the Herring 
Gull, but the latter species is alleged to have caused reduced 
nesting of the Laughing Gull in New England. 
Some areas within the Bay have been identified as 
supporting breeding colonies of one or another species. In 
so far as possible on the basis of available information, 
these colonies have been located on a map of the Bay (Fig. 
XI-19 and Table XI-23). These constitute areas of special 
value to water-oriented birds. This compilation is not 
definitive, however. 
The status of many bird populations has been a matter 
of grave concern for over a decade, not just in Chesapeake 
Bay, but throughout the United States. As intimated earlier, 
however, it is often difficult to define precisely what 
changes have occurred or the reasons for the changes in 
status. 
Several species have experienced large population 
increases, and in some cases extensions of the breeding range 
into the Bay area. Species with the most marked population 
increases in the Bay area are the Cattle Egret, Glossy Ibis, 
Canada Goose, Herring Gull, and Great Black-back Gull. 
Lesser increases have been observed in populations of the 
Whistling Swan, Ring-billed Gull, Bufflehead, and some 
shorebirds and waders. 
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Figure XI-19. Locations of major known bird rookeries in the 
Chesapeake Bay (see Table XI-23 for list of 
species known to nest at each site). 
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Table XI-23. Locations of bird rookeries known in Chesapeake Bay and species occupying 
each site (see also Figure XI-18). 
Map Code 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
Location 
Near Havre de Grace 
Grove Pt., mouth of Sassafras R. 
North Pt., mouth of Patapsco R. 
Gibson Is. 
Crab Alley Bay 
Poplar Is. 
Herring Bay 
Long Marsh Is. 
Bodkin Is. 
Choptank R., near Cambridge, Md. 
Nanticocke R., near Vienna, Md. 
Bloodsworth Is. 
Adam Is. 
Little Deal Is. 
St. Catherine's Is. 
North of Piney Pt. 
St. Mary's R. 
Smith Is., west 
Smith Is., east 
Little Annemessex R. 
Ingram Bay 
Watts Is. 
Burke's Pond 
New Point Comfort 
Hampton 
Species 
Black-crowned Night Heron 
Great Blue Heron 
Black-crowned Night Heron 
Black-crowned Night Heron 
Great Blue Heron, Great Egret 
Great Blue Heron 
Great Blue Heron 
Cattle Egret, Snowy Egret 
Great Blue Heron 
Black-crowned Night Heron 
Black-crowned Night Heron 
Yellow-crowned Night Heron 
Great Blue Heron, Green Heron, Little 
Blue Heron, Cattle Egret, Great Egret, 
Snowy Egret, Louisiana Heron, Black-
crowned Night Heron, Yellow-crowned 
Night Heron, Glossy Ibis 
Glossy Ibis, Forster's Tern, Connnon Tern 
Cattle Egret, Snowy Egret 
Great Blue Heron 
Black-crowned Night Heron 
Black-crowned Night Heron 
Herring Gull, Forster's Tern 
Black-crowned Night Heron 
Laughing Gull, Forster's Tern 
Great Blue Heron 
Great Blue Heron 
Great Blue Heron 
Yellow-crowned Night Heron, Least Tern 
Table XI-23 (Continued) 
Map Code Location 
26 Fisherman Island 
27 Craney I. 
Species 
Green Heron, Little Blue Heron, 
Snowy Egret, Herring Gull 1 Laughing Gull, Gull-billed Tern, Forster s Tern, Common 
Tern, Least Tern, Royal Tern, Sandwich 
Tern, Black Skimmer 
Least Tern 
More ominous have been the declines of many species 
populations, many of which had started well before the general 
public was made aware of them through the publication of 
Rachel Carson's Silent Spring and the introduction of the 
concept of an "endangered species". Virtually all species 
listed in Table XI-21 have suffered some population losses 
at least on a local level. 
Several approaches were taken to assess population 
changes among·the avian species. Christmas Bird Counts 
directed by the Audubon Society are one attempt to assess 
populations during a period when the birds are readily vis-
ible and non-migratory. The 26 water-oriented species are 
ranked by abundance in 1974 (Table XI-24). The ranking by 
relative abundance in 1952 is presented to show the large 
changes which have occurred in the past 25 years. The 
Canvasback Duck and Whistling Swan have experienced the 
largest percent decrease, although the change in rank of 
these two species was not that large. The greatest rank 
shifts involve the gulls and the Oldsquaw. The Herring 
and Ring-billed Gulls are the only non-waterfowl among 
the top 12 species. Their rise from 8th and 11th places 
to 2nd and 3rd respectively is partly due to declines of 
other species, but is mainly a result of large increases 
in these species. 
This approach to identifying population changes has 
several drawbacks; notably one cannot determine whether the 
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Table XI-24. Ranking of the most abundant water-oriented 
birds based on Christmas Bird Counts in 
Chesapeake Bay for 1952 and 1974. 
1974 1952 
Rank S:eecies Rank 
1 Canada Goose 3 
2 Herring Gull 8 
3 Ring-billed Gull 11 
4 Canvasback 1 
5 Whistling Swan 2 
6 Oldsquaw 19 
7 Black Duck 5 
8 Mallard 10 
9 Ruddy Duck 4 
10 Bufflehead 15 
11 Greater Scaup 12 
12 Lesser Scaup 13 
13 Goldeneye 9 
14 White-winged Scoter 18 
15 Surf Scoter 24 
16 Pintail 16 
17 Great Black-backed Gull 25 
18 Widgeon 7 
19 Snow Goose 23 
20 Redhead 20 
21 Red-breasted Merganser 22 
22 Great Blue Heron 21 
23 Horned Grebe 17 
24 Common Merganser 6 
25 Wood Duck 
* 26 American Coot 14 
* absent in 195:2 
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rank change for a given species is the result of large 
increases (or decreases) in other species, or a reflection 
of a real population change in the species of interest. 
However, it does show the relative position of a given 
species population at various points in time. 
There are two components to the decline of a species 
population: 1) the percent decline in any given period of 
time and 2) the total time period over which the decline has 
occurred. The average annual decline for each species and 
the number of years over which the species declined were 
tabulated. The sum of these two parameters was then taken 
as an index of population decline and a rank of 1 assigned 
to that species with the largest decline (Table XI-25). Data 
for this determination were again derived from Christmas Bird 
Counts. The Pintail had the highest average decline, and 
despite the short period of decline (3 yr.), it ranked first 
in index of decline. However, some species with relatively 
small annual declines have a high index of decline because 
the decline has continued for long periods; e.g. the Green-
winged Teal, Hooded Merganser, Connnon Eider, Black Duck, 
and others. 
Breeding population data collected throughout the 
U.S. by the Fish and Wildlife Service can be used to estimate 
population changes in selected waterfowl species (Henny, 
Anderson, and Pospahalas 1972). The percent decline (or 
increase) for 11 waterfowl is shown in Fig. XI-20. For each 
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Table XI-25. Waterfowl ranked in order of possible population decline beginning 
with those which may have decreased most rapidly in recent years 
(based on 17 3-year averages of highest Christmas bird counts for 
the species during 1956 through 1974). 
Average Years Index of 
S:eecies annual change declining decline Rank 
Pintaii 38 .,. / 1 "I .J '+ l. .1. 
Connnon Merganser 22.5 2 25 3 
Redhead 22 4 26 2 
Whistling Swan 21 3 24 4 
Shoveler 15 2 17 8 
White-winged Scoter 14 4 18 7 
Wood Duck 12 7 19 6 
Wigeon 10 4 14 12 
Black Scoter 9 9 18 7 
Surf Scoter 6.5 9 16 10 
Lesser Scaup 6 8 14 12 
Canada Goose 6 3 9 13 
Snow Goose 6 2 8 14 
Green-winged Teal 5 16 21 5 
Hooded Merganser 5 16 21 5 
Connnon Eider 5 16 21 5 
Ring-necked Duck 5 13 18 7 
Black Duck 4 15 19 6 
Bufflehead 4 5 9 13 
·Ruddy Duck 4 3 7 15 
Blue-winged Teal 3 5 8 14 
Canvasback 3 16 19 6 
Goldeneye 3 14 17 8 
Greater Scaup 2 8 16 9 
Red-breasted Merganser 2 16 18 7 
Gadwall 2 13 15 11 
Oldsquaw 1 16 17 8 
Mallard 0 16 16 9 
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Figure XI-20. Population changes in 11 duck species based on 
U.S. breeding census data (from Henny, Anderson, 
and Pospahala 1972). 
species, the decline was calculated in three ways; the decline 
from 1972 to 1973, from 1955 to 1973, and the decline in 1973 
from the average for the prior 18-year period. Of the 11 
species, all de!clined except the American Widgeon and the 
Canvasback. The Gadwall and Redhead have increased since 
1955, but decli.ned from 1972 and from the 18-year average. 
The Scaups have! declined relative to 1955 and 1972, but have 
increased slightly relative to the 18-year average. These 
indices, howeve!r, do not describe population changes spe-
cifically in the Chesapeake Bai region. 
Population changes of waterfowl may also be derived 
from mid-winter censuses in the Atlantic flyway states. 
Percent changes in 1974 from the 1973 census and the ten-year 
average population (1964-1973) are shown in Fig. XI-21. The 
1974 dabbling dluck populations all declined from the 10-yr. 
average, although the Gadwall, Widgeon, Green-winged Teal 
and Blue-winged Teal had increased over 1973. Among the 
diving ducks, t:he Redhead, Bufflehead and Ruddy Duck pop-
ulations increased both with respect to the previous year 
and the 10-year average, and the Canvasback and Scaups 
increased over the previous year. Total divers showed 
an increase in 1974 over 1973, but were still markedly 
below the 10-ye!ar average. Among the sea ducks, the eiders 
increased whilei the scoters and oldsquaws declined. In 
summary, total sea duck populations were up over the pre-
vious year but still lower than the 10-year average. Both 
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Figure XI-21. Population changes for waterfowl in the Atlantic 
flyway states based on mid-winter censuses (from 
Ferguson and Smith 1974). 
geese and swans had increased considerably but Brant pop-
ulations were still 40% below the 10-year average. Coots 
showed a marked decline in both measures. Summarizing the 
entire group of waterfowl, there was a negligible increase 
over the previous year, and populations were overall nearly 
20% below the 10-year average. 
Based on these indices and others not presented here, 
the general evaluations of population status for each species 
were developed and presented in Table XI-21. In some respects 
these are subjE~ctive, but the assessments agree generally with 
interpretations of other investigators. 
The major causes for the decline of many species or 
the increase of several others are difficult to determine. 
One widely recognized factor with respect to the raptorial 
birds is the pE~sticide, DDT, which reduces reproductive 
success by cauHing egg-shell thinning. These species also 
suffer from thE~ loss of suitable nesting sites as a result 
of man's continued development of land for housing and 
industry. 
Hunting has seriously depleted populations of many 
waterfowl which are desired as food by some people. Until 
60 years ago, there were virtually no limits on the number 
of waterfowl which could be taken. Beginning with the 
Migratory Bird Treaty made between the U.S. and Canada, 
protection from hunting has been provided to many species. 
The Whistling Swan and Greater Snow Goose are afforded total 
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protection, while the Wood Duck has usually had a 1 per day 
bag limit. For the past two years, a point system designed 
to protect dabbling and diving ducks has been in force and 
the Canvasback and Redhead have been added to the list of 
species receiving total protection. 
Loss of suitable habitat is believed responsible for 
the decline of many species. Loss of aquatic vegetation in 
the upper Bay due to siltation and of eelgrass in the lower 
Bay, perhaps due to cownose rays, restricts the food sources 
for several species. Development of marshlands and other 
areas reduces available breeding and feeding areas. 
Weather conditions also affect bird populations. 
Droughts in the Great Plains regions reduce reproductive 
success of some waterfowl, resulting in reduced winter pop-
ulations in Chesapeake Bay. Hurricane Agnes in 1972 was 
directly responsible for loss of submerged vegetation in 
the upper Bay thereby reducing an important food source for 
waterfowl. 
During the winter of 1974-75, disease has been a 
factor, with 25,000 coots in Back Bay, Virginia, dying from 
fowl cholera or killed by man to contain the disease within 
the Back Bay. This and other diseases have occurred in 
Chesapeake Bay duck populations within the last several 
years. 
Sewage pollution may destroy vegetation near outfalls 
and chemical pollutants may be accumulated by fishes. These 
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two phenomena may also affect the avian fauna, although no 
specific cases of this have been identified. 
Two factors, in addition to protection from hunters, 
have tended to favor some bird populations; the establish-
ment of refuges and inefficient agricultural harvesting 
procedures. The conservation and management of suitable 
areas as wildl:ife refuges has ensured habitat for some 
species, although such areas are presently limited within 
Chesapeake Bay. The use of the combine harvester for soy-
beans and corn results in considerable grain being left on 
fields during the winter, which is beneficial to Canada 
Geese, Whistling Swans, Snow Geese, and Brant (as well as 
the undesirablie blackbirds). 
In summary, there is little or no evidence for direct 
effects on bird populations from point source effluents, but 
such effects are possible. Wildlife populations in the Bay 
are adversely affected by other activities of man, both 
within the Bay and elsewhere. Bird populations have not 
been stable, and in many cases have been declining in recent 
years. 
D - Perturbations 
1) Natural 
Temperature-salinity variations of diurnal, seasonal 
and annual periodicities were briefly described in section 
XI-A. These result from changes in insolation and freshwater 
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inflow from the major tributaries. The complex variations 
superimposed on the general distribution of these parameters 
are significant in regulating the distribution of plants and 
animals within the Bay. Temperature-salinity distributions 
are usually relatively stable from year to year allowing the 
segmentation of the Bay into freshwater tidal, oligohaline, 
mesohaline, and polyhaline zones, each inhabited by organisms 
with the appropriate tolerances. 
Significant perturbations occur naturally as a func-
tion of climatic conditions. For example, the low rainfall 
conditions during the 1960 1 s caused a general upstream dis-
placement of the isohaline bands crossing the Bay; i.e. salt 
water intruded toward the head of the Bay. This allowed some 
species to penetrate further upstream than previously. Major 
floods such as that produced by Tropical Storm Agnes in June 
1972 push the salt water seaward. Reestablishment of the 
salinity distribution to the prior average condition takes 
an-extended period after the height of the flood. This flood 
was responsible for shifting the distribution of many species 
in a seaward direction. Storms may cause local perturbations 
in salinity, with various effects on the fauna. 
Average annual temperatur·e conditions also vary with 
unknown periodicities. The recent trend toward cooler winters 
with a very slight reduction in the average winter water tem-
perature is believed to be responsible for the decline in 
croaker populations (Joseph 1972), although no other species 
is known to have been affected. 
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Sediment introduced into the Bay by the major tribu-
taries and deposited there, in particular in the oligohaline 
region, can be considered a natural perturbation. Sediments, 
when suspended in the water column, decrease the light trans-
mission capabilities of the water, thereby decreasing the 
depth to which photosynthesis can occur. The deposition of 
sediments can in some situations smother the benthic fauna 
while erosion ,can expose benthic fauna and uproot submerged 
vegetation. Average sedimentation conditions are severely 
disrupted locally by storms, with serious effects on the 
biota. Hurricane Agnes markedly increased the sediment load 
entering the Bay, disturbing or destroying grass beds, re-
ducing phytoplankton production and burying some benthic 
areas. 
Resuspension of sediments with associated organic 
matter depressE~S the oxygen concentration to some extent. 
Under certain conditions, this could result in general anoxia 
leading to death of the biota in the area affected. 
Natural processes of estuarine circulation and sea-
sonal temperature fluctuations account for natural oxygen 
stress in deepE?r waters of the Bay during the summer months. 
This phenomenon is normal and predictable and has probably 
occurred since before the arrival of Europeans, although it 
is possible that increases in severity and duration may be 
a result of man's activities. 
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2) Man-induced perturbations 
It is often difficult to separate the effects of 
man's activities from natural perturbations. While the 
introduction of sediment to the Bay is a natural phenomenon 
which occurred long before white-man entered the Bay, man's 
agricultural and "development" activities have certainly 
accelerated the process. Natural phenomena which perturb 
the sediment runoff pattern for short periods become more 
serious because of the sediment carried off areas disturbed 
by man. 
Man's activities have also perturbed the natural 
rate of eutrophication in the Bay by accelerating the rate 
of nutrient addition. Agricultural runoff in this agrarian 
area pours an unknown quantity of nitrogen and phosphorus 
into the tributaries and the Bay proper from non-point 
sources. Point sources, especially sewage treatment plants, 
also contribute nutrients. Available data is inadequate to 
separate out the quantities of nutrients naturally entering 
the Bay, those from anthropogenic non-point sources and those 
from sewage plants. The extended period of occurrence of red 
tides and their greater intensity may be tied to increased 
' 
nutrient loads resulting from man's activities. 
Engineering activities along the tributaries and in 
the Bay proper may also have serious consequences. Dannning 
of upstream areas decreases freshwater inflow and reduces 
variations in inflow, with many suspected indirect effects 
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on biotic distributions which are difficult or impossible to 
precisely define. For example, a decrease in the range of 
salinity at any given location could occur, leading to a 
change in biot:Lc distributions. Flushing rates for the Bay 
could be changed, reducing the assimilative capacity of the 
area. Dannning tributaries may also prevent or limit spawning 
runs of anadromous fishes. The decline in sturgeon popula-
tions is believed to result from destruction of spawning 
grounds by dannning practices as well as overfishing (Vladykov 
and Greely 1963). 
Draining and filling of lowlying areas results in the 
destruction of wetlands, especially productive marshlands. 
Organic matter no longer washes into the Bay to serve as food 
for detritivories. Areas which formerly served as nursery 
grounds for many fisheries products are reduced in extent, 
ultimately reducing the fishable stocks. Certain wildlife 
species also suffer a loss of breeding ground and feeding 
area. 
Dredging of shipping channels affects the Bay system 
in a variety o.f ways, the seriousness of which is a matter 
of intense concern. In dredging, some areas of the bottom 
are removed with their associated biota. This material is 
then deposited somewhere, blanketing an area of the bottom 
or some upland area. The original biota of the spoil area 
is thus greatly disturbed or totally destroyed. In addition 
to such direct effects, the biota is also affected by changes 
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in other environmental conditions caused by dredging opera-
tions. Nutrient and toxic substances bound in the sediments 
may be elutriated and again be available to the biota. 
Organic matter with a high oxygen demand may be released 
to the water column, resulting in oxygen depletion. Deep 
waters, already partially oxygen depleted, may become anoxic. 
Simple increases in turbidity may also have significant 
effects. 
The net effects of environmental changes resulting 
from man's engineering activities is often complex involving 
several parameters in different degree. It is therefore 
difficult to associate the effects with a change in single 
parameter. 
The fauna may also be affected significantly by 
exploitation. Fishing activity began in the Bay with the 
appearance of Indians on the shores of the Bay. The first 
significant depletion of fish populations probably did not 
occur until at least 60 years after the first European col-
onists began exploiting the fishery. In the long-term 
perspective, overexploitation has probably affected a great 
many species in the Bay. In the context of present popula-
tions it is not clear which, if any, species are suffering 
from overexploitation. Exploitation of clams is believed 
to be at or near the maximum sustainable yield (Haven and 
Loesch 1972). Oyster populations have declined in recent 
years, but economic factors have produced a decline in 
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fishing effort, so overexploitation is probably not a factor 
in the decline. Among finfishes, it is difficult to assess 
the degree of e:tploitation on any given fishery because there 
is little or no available data on commercial effort and none 
with regard to landings or effort in the extensive recrea-
tional fishery. Overexploitation of some species might be 
expected. 
Waterfowl populations have been overexploited by 
hunters, especially those species most desirable as food. 
Declining populations were the major factor leading to the 
promulgation of the first treaty between the U.S. and Canada 
to regulate hunting. Bag limits and the recently devised 
point system serve to limit the exploitation of species. 
However, even complete protection from hunting of some 
species has not allowed complete recovery of populations 
because of other factors discussed in section XI-7. 
Introduced species are not as connnon an occurrence 
along the.Atlantic coast of North America or in Chesapeake 
Bay as they are in Europe and elsewhere in the world. Spe-
cies known or thought to be introduced into the Bay system 
are listed in Table XI-26. Several of these have caused 
major imbalances in the ecosystem for some time. 
Eurasian milfoil choked many brackish-water creeks 
at one time, driving out the more desirable native vegetation 
and some fauna, but presently seems to be on the wane. Cor-
bicula manilensis, an Asiatic freshwater clam, first appeared 
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Table XI-26. Introduced species found in Chesapeake Bay. 
Species 
Myriophyllum s1icatum Eurasian mil oil 
Corbicula manilensis 
Asiatic.clam 
Rangia cuneata 
Wedge clam 
Loxothylacus panopaei 
Ecteinascidia turbinata 
Minchinia nelsoni 
MSX, oyster disease 
Dermocystidium marinum 
Other invertebrates 
Connnents 
by man from Mississippi drainage 
system, esp. TVA rivers?, problem 
in industrial water intakes 
inadvertently reintroduced by man 
to northern end of original range 
(possibly derived from relict 
populations - doubtful) 
parasite of mud crabs; probably 
introduced in early 1960's with 
imported oysters 
found only in lower Bay 
possibly an introduced form with 
asian oysters 
fungal parasite of oysters be-
lieved introduced from southeast 
Atlantic or Gulf states 
several species living on hard 
substrates are known to be (e.g. 
Aiptasiamor~ha luciae) or thought 
to be intro uced; none are major 
problems. 
Native Area 
Eurasia 
S.E. Asia 
Gulf of Mexico 
Gulf of Mexico 
? 
Asia 
Gulf of Mexico 
various 
Table XI-26 (Continued) 
Species 
Cyprinus carpus 
Carp 
Carassius auratus 
goldfish 
Glossy Ibis 
Cattle Egret 
Mute Swan 
Comments 
Widely introduced into freshwater 
of U.S. 
' less common than carp and probably less 
of an environmental problem. 
Has recently expanded breeding range 
northward to Chesapeake and beyond. 
Apparently crossed Atlantic to Florida 
without man's aid; has since dispersed 
widely to north; now breeds extensively 
in Chesapeake. 
Introduced into eastern U.S.; extending 
breeding range southward. 
Native Area 
Asia 
Asia 
S.E. U.S.A. 
Africa 
Europe 
on the west coast of the United States in 1938, and has 
spread relentlessly eastward, reaching the tidal freshwaters 
of the James River in 1968 (Diaz 1974). It has not yet been 
found in the freshwater section of the upper Bay, but is 
expected to invade this area. Rangia cuneata, the wedge 
clam, formerly ranged from Chesapeake Bay to the Gulf of 
Mexico, but for many centuries was unknown from the area. 
Recently discovered populations in the James River and the 
upper Bay are believed to be a reintroduction by man, although 
there is the possibility that these populations are derived 
from undetected relict populations (Hopkins and Andrews 
1970). 
Several disease organisms are thought to have been 
introduced along with oysters transported to the Bay from 
various areas along the Atlantic coast. Loxothylacus panopaei 
is a parasitic barnacle which attacks mud crabs. It almost 
certainly was introduced with oysters from the Gulf of Mexico. 
Two oyster parasites, Minchinia nelsoni and Dermocystidium 
marinum may have been introduced, although hard evidence is 
lacking. Presence of Minchinia-like organisms in low densi-
ties in Asian oysters suggest that this species may have been 
introduced from Asia, principally Japan (Andrews, personal 
corrnnunication). Dermocystidium is a warm-water fungus prob-
ably native to the Caribbean and Gulf of Mexico. 
Two fishes are known introductions to the Chesapeake 
Bay drainage system, carp and goldfish. Both are found in 
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freshwater areas of the Bay and its tributaries. Carp is the 
more abundant o:E the two, and does impact significantly on 
the native fauna. 
Three ~iter-oriented bird species can be considered 
to be introduct:tons, although man may not have been directly 
involved in two cases. The Glossy Ibis, native to the south-
eastern U.S., has extended its breeding range northward to 
Chesapeake Bay. The Cattle Egret is an African species which 
apparently crossed the Atlantic to Florida unaided by man in 
about 1953. It has since extended its range northward, and 
is now a dominant among the herons breeding in Chesapeake 
Bay. The Mute Swan was a deliberate introduction to the 
eastern United States. It is now extending its breeding 
range southward from Long Island and New Jersey. 
Several additional birds are well-known and disruptive 
introductions to the native fauna of the eastern United States 
though they havE~ little or no impact on the aquatic milieu. 
These include the House Sparrow, Starling and Pigeon (Rock 
Dove) in the Bay area. 
E - Undisturbed setting 
The "undisturbed" setting has not existed in Chesa-
peake Bay since the initial colonization in the seventeenth 
century. In the? colonial period and for many years there-
after, the tidewater areas were major tobacco producing lands. 
Trees were cleared from the land and extensive areas were 
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placed in cultivation. As a result, land runoff into the 
Bay and its tributaries was vastly increased (Wolman 1968), 
with significant ramifications affecting the biota. The Bay 
rapidly became a major area for fisheries exploitation early 
in the colonial period, further modifying the biota. Of 
course, no quantitative data exist for the precolonial 
period, although early descriptions of the Bay indicate 
much greater production of fisheries products than presently 
exists (Pearson 1942, 1943, 1944, Wharton 1957). 
The biota of the Chesapeake Bay is essentialy un-
changed qualitatively since the precolonial period, based 
on available information. The species diversity of the 
system is in most areas of the Bay comparable to that in 
other relatively unpolluted systems around the world. How-
ever, it is clear that quantitative changes in relative 
abundance of individual species and in the rates of various 
biological processes have occurred as a result of man's 
various activities. 
Under the "undisturbed" setting, nutrient levels and 
sediment loads were presumably much lower. Light-limitation 
of phytoplankton populations was less important than it is 
presently, and the lower nutrient levels were probably 
limiting. The greater depth of light penetration could have 
permitted greater primary productivity per unit surface area 
and more productive benthic environments, thus resulting in 
greater total productivity even though production per unit 
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volume might have been lower because of nutrient limitation. 
Massive blooms such as the red tides of modern times probably 
did not occur or certainly were less counnon. Presumably, the 
phytoplankters which dominated the connnunity were more gen-
erally suitable~ as food for herbivores in the system. 
Oxygen depletion of bottom waters of the central 
portion of the Bay was in all probability a natural phenom-
enon even in the precolonial period. This condition arises 
from the stagnation of the deep waters during the sunnner 
period, coupled with a rain of organic materials from the 
surface waters. The oxygen depletion probably began later 
and covered a smaller area while reoxygenation may have 
occurred earlier in the fall during the precolonial period. 
Herbivore populations, with high fecundity and short 
life cycles, were presumably regulated by the carnivores in 
the system. The food supply for herbivores was not limiting 
because the grazing pressure of carnivores limited the her-
bivore populations. In the absence of intensive exploitation 
by a top carnivore such as man, the large aquatic carnivores 
were limited o·nly by space, reproductive success, and their 
ability to compete effectively for the available .food supply. 
Without: upstream flood control measures, seasonal 
variation of freshwater inflow was probably greater than 
presently and total inflow per year was greater. These 
factors would have modified the salinity distribution, in 
turn altering the distribution of the biota. The range of 
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oyster predators within the Bay could have been pushed sea-
ward, allowing greater oyster production on natural oyster 
rocks, many of which are now reduced or absent in part 
because of predators (although this is admittedly not the 
whole story). 
The entire complex of toxic pollutants introduced 
into aquatic systems by man (or moved there more rapidly 
by man's activities than by natural processes), such as 
petroleum hydrocarbons, pesticides, heavy metals, disinfect-
ants and other substances, were not present in precolonial 
times. It is not possible from present data to quantify 
the contamination by these compounds o~ to identify effects 
on species from chronic exposure to these substances. It 
is reasonable to assume that these substances are having 
effects of undefined magnitude on spawning migrations, 
fecundity, fertilization processes, larval development 
and possibly other life processes. In the absence of 
this stress, at least some species had larger populations. 
Marsh development was much more extensive than pre-
sently, and many existent marshes were somewhat different 
in structure in the absence of drainage ditches and other 
modifications. Thus additional habitat was available for 
wildlife, especially water-oriented birds and those species 
of fish utilizing marshes as nursery grounds. 
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F - Absence of the act 
The effects which would have occurred in the absence 
of the Water Quality Amendment Act of 1972 are difficult to 
assess. The SE~t of driving conditions affecting the system 
in that case would have been defined by local political 
conditions, thE~ nature of which are generally difficult 
to assess and dynamic over time. In both Maryland and 
Virginia, a political trend to prohibit further contamination 
of receiving waters and to alleviate existing contamination. 
was evident; but the degree to which this represented a 
response to "grass root" concern for the environment versus 
a response to anticipation of the Federal enactment must 
remain an area of pure conjecture, for the state legislators 
themselves probably do not appreciate the sources of their 
motivation. 
In view of this uncertainty, the assumption is made 
that had this Act not been passed, no further state regula-
tions would have be.en forthcoming in the foreseeable future. 
It is further assumed that increases in population and indus-
trial activity would have resulted in an unspecified addition 
to the numbers of point-source discharges, largely localized 
in areas presently receiving the greatest point-source dis-
charges, i.e. i.nto large and small tributary estuaries of 
the Bay, rather than the Bay proper. It is assumed that 
there would be no improvements in the level of treatment. 
Increased flows: through existing treatment facilities is 
also allowed. 
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The major trends and problems which have been iden-
tified in this study and which result from point-source 
discharges can be summarized as follows: 
1) increase in the rate of nutrient addition; 
2) increase in the frequency and duration of noxious 
algal blooms; blue-green algae in tidal fresh-
water areas of the tributaries and red-tide 
(dinoflagellate) blooms in the saline portions 
of tributaries and to a lesser extent the Bay 
proper; 
3) increase in the level of residual chlorine in 
areas adjacent to sewage outfalls and power 
plant effluents; 
4) decline in economically important species; 
5) increase in the duration and extent of the oxygen 
sag in bottom waters of the Bay proper and the 
oxygen sag downstream from point-source discharges 
in tributaries; 
6) increase in condemnation of areas for body contact 
sports or shellfish production; 
7) increase in the contamination of economic and 
other species with heavy metals and pesticides. 
It should be kept in mind that these trends are not solely or 
in some cases even predominantly a result of point-source 
discharges. However, point-source discharges can be expected 
to affect these trends if unchecked. 
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In the short-term, say 10 to 50 years, this set of 
assumptions would lead to loads which exceed the assimilative 
capacities of the receiving waters of the tributaries. Fur-
ther restricti()n of body-contact sports and shellfish produc-
tion would be required. Those species dependent on these 
waters for all or part of their life cycle would continue 
to decline. NC)xious algal blooms would be even more frequent 
than they pres«~ntly are. Noxious odors would periodically 
result from reduction in available oxygen. Acutely lethal 
situations would develop more frequently than at present. 
Sensitive species would begin to disappear totally from the 
fauna, thus reducing species richness. 
In the Bay proper, conditions in the tidal freshwater 
and oligohalirn~ zones of Maryland would show signs of serious 
over-enrichment. Flemer (1970) pointed out this danger and 
noted that enrichment was already at or near a critical level 
in his view. Clark et al. (1973) indicated that a problem has 
already developed in the Bay adjacent to Baltimore. Noxious 
algal blooms W()uld be apparent in areas presently free of such 
phenomena. Red tides in the more saline areas would become 
more extensive as those conditions favoring the dinoflagellate 
begin to intrude into the Bay. Fisheries production would 
decline further, first among those species dependent on the 
tributaries fmr some portion of their life cycle, and later 
among other sp«~cies. The closure of sections of the Bay proper 
to fishing and body contact sports would become a connnon 
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occurrence. Reproductive success for many species would 
decline, resulting in reduced abundance of these species. 
In a longer time frame, say more than 50 years, it 
is conceivable that, in the absence of any efforts to cut off 
sources of pollution, waste loads could exceed the assimi-
lative capacity not only of the tributaries but also of all 
or part of the Bay proper. Even if such doomsday predictions 
should not be fulfilled because of the large assimilative 
capacity and biological resistance of the Bay, conditions 
would be worsened to the point where the Bay would be much 
less valuable as an economic resource for fisheries and rec-
reation, as has already happened in other estuaries such as 
New York Harbor and upper Delaware Bay. 
In fairness to local political institutions, it is 
doubtful that no action would be taken in the absence of the 
Act. Pressure from local constituencies would force local 
agencies to take remedial action, albeit with a different 
time frame. The resilience of biological systems would 
permit significant recovery, often very quickly after the 
removal of major environmental insults. The disruption of 
the normal course of human events would also be corrected, 
but not without serious discomfort to the general populace. 
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XII. Description of Recreational and Aesthetic Characteristics 
The recreational and aesthetic importance of the 
Chesapeake Bay is perhaps unparalleled by any other water 
body on the eastern seaboard. The 7,325 miles of shoreline 
provide a vast amount of recreational and aesthetic oppor-
tunity to residents of the area and visitors from other 
regions (Bureau of Outdoor Recreation 1974). Primary among 
the recreational activities are swimming, boating, camping, 
picnicking, hunting, fishing (including shellfishing), hiking, 
bicycling, and touring. Aesthetic enjoyment is fundamental 
to these activities. 
A. Prevailing Conditions: Capacity and limitations. 
Several major studies have examined the recreational 
capacities and limitations of the Chesapeake Bay region. 
This synopsis draws mainly from studies by the U.S. Army 
Corps of Engineers (1973) and the U.S. Bureau of Outdoor 
Recreation (1974). These studies assess recreational 
capacity and limitations by developing estimates of need, 
expressed in area, ba$ed on resident population and tourism. 
These estimates are balanced against the recreational area 
available to determine the surplus or deficit of area in 
each recreational category within each of 12 regions (Tables 
XII-1 and XII-2). This approach has severe shortcomings and 
the results can be misleading, as discussed below. These 
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Table XII-1. Regional recreational capacit~ demand and projected demand for boating and swimming (Bureau of Outdoor Recreation, 1974). 
Boati!!Bj and Sailing {water surface acres) Swimming {under surface acres)* 
1970 1980 1970 1980 
Net Surplus (+) Net Surplus (+) Net Surplus (+) Net Surplus (+) 
Region Su:e:elI Needs or Deficit {-2 Needs or Deficit H Su:e:ely Needs or Deficit {-2 Needs or Deficit {-} 
1. Pennsylvania 26,000 3,370 + 22,630 5,020 + 20,980 22 54 32 80 58 
2. Delaware 48,000 820 + 47,180 1,110 + 46,890 223 13 + 210 18 + 205 
3. Eastern Shore-Md. 266,100 650 +265,450 930 +265,170 608 10 + 598 14 + 594 
4. Baltimore 67,300 4,880 + 62,420 5,970 + 61,330 28 79 51 102 74 
5. Washington 14,600 5,020 + 9,580 6,840 + 7,760 22 81 59 103 81 
6. Southern Maryland 74,800 290 + /4,510 4i0 + 74,390 18 5 + 13 6 + 12 
7. Northern Virginia 25,300 2,480 + 22,820 4,030 + 21,270 36 41 5 60 24 
8. Richmond 40,000 1,340 + 38,660 1,940 + 38,060 9 22 13 29 20 
9. Hampton Roads 117,600 2,140 +115 ,460 2,750 +114,850 756 34 + 722 42 + 714 
10. Petersburg-Hopewell 30,100 400 + 29,700 490 + 29,610 10 6 + 4 8 + 2 
11. Tidewater 107,300 170 +107,130 230 +107,070 6 3 + 3 4 + 2 
12. Eastern Shore-Va. 168,300 70 +168,230 90 +168,210 716 1 + 715 1 + 715 
Total Resident Need 985,400 21,630 +963, 770 29,810 +955,590 2454 349 +2, 105 467 +1,987 
Total Non-Resident Need 6,010 6,010 8,260 8,260 97 97 130 130 
Grand Total 985,400 27,640 +957,760 38,070 +947 ,330 2454 446 +2,008 597 +1,857 
* includes swi11111ing pool acreage 
~ 
U1 
........ 
Table XII-2. Regional recreational capacity, demand and projected demand for picnicking and camping (Bure8u of Outdoor Recreation, 1974). 
Picnicking {in tables) Cam:eing {in cam:esites} 
1970 1980 1970 1980 
Net Surplus (+) Net Surplus (+) Net Surplus (+) Net Surplus (+) 
Region Su:e:elI Needs or Deficit {-2 Needs or Deficit {-2 Su:eely Needs or Deficit {-2 Needs or Deficit {-2 
1. Pennsylvania 7,270 6,270 + 1,000 7,880 610 1,770 1,100 + 670 1,600 + 170 
2. Delaware 770 1,500 730 1,740 970 610 280 + 330 410 + 200 
3. Eastern Shore-Md. 440 1,200 760 1,360 920 1,470 210 + 1,260 290 + 1,180 
4. Baltimore 4,770 9,130 - 4,360 10,010 - 5,240 370 1,550 - 1,180 2,130 - 1,760 
5. Washington 4,760 9,250 - 4,490 10,090 - 5,330 560 1,480 920 2,100 - 1,540 
6. Southern Maryland 1,110 520 + 590 590 + 520 380 100 + 280 140 + 240 
7. Northern Virginia 3,360 4,670 - 1,310 5,940 - 2,580 1,820 820 + 1,000 1,240 + 580 
8. Richmond 440 2,540 - 2,100 2,890 - 2,450 1,210 410 + 800 640 + 570 
9. Hampton Roads 2,310 3,970 - 1,660 4,080 - 1,770 5,390 690 + 4,700 860 + 4,530 
10. Petersburg-Hopewell 250 750 500 830 580 740 120 + 620 170 + 570 
11. Tidewater 430 320 + 110 340 + 90 3,300 60 + 3,240 80 + 3,220 
12. Eastern Shore, Va. 730 130 + 600 150 + 580 2,590 30 + 2,560 30 + 2,560 
Total Resident Need 26,640 40,250 -13,610 45,900 -19,260 18,610 6,850 +13,360 9,690 +10,520 
Total Non-Resident Need 11,190 -11, 190 12,760 -12, 760 1,900 - 1,900 2,690 - 2,690 
Grand Total 26,640 51,440 -24,800 58,660 -32,020 20,210 8,750 +11,460 12,380 + 7,830 
data, nonetheless, are useful relative indices of recreational 
potentials and limitations and will be used in the ensuing 
discussion. 
In 1970 there was a total of 812,953 acres of outdoor 
recreation land and water acres in the Chesapeake Bay area 
(U.S. Army Corps of Engineers 1973). This serves a population 
of 9.2 million persons. Of this recreational area, Federal 
state and local governments control 14, 27 and 12 percent, 
respectively. 
As might be expected, the.greatest demand for recrea-
tional space and facilities is found in the urban complexes 
of Baltimore, Washington, Richmond and Hampton Roads. Demand 
is least and surplus of recreational area is greatest on the 
Eastern Shore of the Delmarva Peninsula, where the population 
density is lower. 
1. Boating 
Pleasure boating (including sailing) is a major 
recreational use of the Bay exceeded only by swimming and 
picnicking based on activity days (Virginia Commission on 
Outdoor Recreation 1974). Current Bay-wide demand, estimated 
at 6.9 million activity days in 1970, is projected to grow by 
290% by the year 2000 (Bureau of Outdoor Recreation 1974). 
In December 1973 there were about 140,000 pleasure craft 
using tidal waters of the Chesapeake Bay. 
On the basis of total water surface acreage the 
potential for boating in the Chesapeake Bay is almost 
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limitless. Estimates predict that by 2020 only 0.5% of the 
Bay and its inland waterways will be required to meet the 
surface acreage demand for boating (Bureau of Outdoor Rec-
reation 1974). However two problems related to this activity 
remain outstanding. First, although there is an abundance 
of water surface area, some areas are more desirable than 
others because of configuration and proximity to launching 
and mooring sites. Thus, crowding continues to exist near 
areas with a high density of launching and mooring sites for 
pleasure craft. Secondly, there is a shortage of public and 
private ramps and slips from which to launch and moor craft 
on the Western Shore. Using these criteria there is a sig-
nificant shortage of facilities related to boating. In 1970 
there was an annual deficiency of 6,166,710 activity days 
(U.S. Army Corps of Engineers 1973). However, the Eastern 
Shore of Virginia and Maryland has excess capacity in this 
category. 
2. Swimming. 
·Bay-wide there is an excess of water surface area 
(2,400 acres in 1970; U.S. Bureau of Outdoor Recreation 1974) 
but there continues to be an acute shortage of beaches par-
ticularly near urban areas where demand is greatest. Many 
of the areas showing surpluses of beach capacity are subject 
to seasonal fluctuations in non-resident demand which tend to 
elevate total demand. In several of the metropolitan areas 
of the Bay such as greater Washington and Baltimore, the 
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shortage is exacerbated by pollution causing further reduction 
in available facilities. 
3. Picnicking. 
There is presently a significant deficiency in the 
availability of picnic facilities. In early 1974 a shortage 
of 15,900 tables existed in eight regions adjoining the Bay 
(U.S. Bureau of Outdoor Recreation 1974). The need is typ-
ically severest in the urban areas where demand is greatest 
and is predicted to increase over the years. Because pic-
nicking is often an activity ancillary to other forms of 
recreation such as swimming and camping, it suffers from 
the same environmental and developmental limitations which 
affect other associated forms of recreation. 
4. Camping. 
In 1970 the supply of camp sites exceeded demand in 
the study area by 20,210 sites (U.S. Bureau of Outdoor Rec-
reation 1974). At the same time only two regions, Washington 
and Baltimore lacked an adequate number of sites to meet 
residential requirements (see Table XII-1). By 2020, how-
ever, all regions are expected to show shortages (U.S. Bureau 
of Outdoor Recreation 1974). Increased non-resident usage is 
expected to exacerbate this shortage. 
5. · Hunting. 
The marshes and woodlands of the Chesapeake Bay area 
harbor great numbers of small game and waterfowl such as 
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squirrels, rabbits, ducks, geese and a host of other birds. 
manmals, reptiles and amphibians. The Bay is the constricted 
neck in the funnel pattern that forms the Atlantic Flyway 
(U.S. Army Corps of Engineers 1973). Consequently the area 
hosts hundreds of thousands of migratory waterfowl annually. 
Several large w·ildlife reserves include more than 19,000 
acres along the Bay and an additional 14,027 acres in the 
near vicinity of the Bay (U.S. Bureau of Sport Fisheries 
and Wildlife 1973). This abundance of game has traditionally 
supported an active recreational hunting community. It has 
been estimated that waterfowl hunters spend $10.5 to $17.5 
million annually (U.S. Army Corps of Engineers 1973). On 
the basis of a per capita expenditure of $162 for hunting 
equipment and ancillary expenses (food, lodging, blind fees) 
it is estimated that hunters in the three states surrounding 
the Bay spend c,ver 80 million dollars annually in the pursuit 
of game, much of it along the coastal fringe (U.S. Army Corps 
of Engineers 1973). 
Although once large, game and waterfowl populations 
have been severely depleted by excessive hunting and, more 
importantly in many areas, the destruction of natural habi-
tats at the Bay's marine fringe. 
6. Fishing. 
Sport fishing (including shell fishing) is one of 
the most important recreational uses of the Bay accounting 
for approximat,3ly 29% of the marine recreational activity of 
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households in the Bay area (Virginia, Maryland, Washington, 
D. C.). A survey conducted for the National Marine Fisheries 
Service (Ridgely and Deuel 1975) on fishing in the marine 
environment estimated that 1,976,000 persons from Virginia, 
Maryland and Washington, D. C. participated in marine fishing 
in 1973-74. It can reasonably be assumed that the majority 
of these individuals fished in Bay waters because of their 
proximity. The report indicates that of the 1,227,000 persons 
who fished in Maryland waters, 73% were from the Bay area, 
while Bay area residents accounted for 78% of the 1,147,000 
persons who utilized Virginia waters for fishing (Ridgely 
and Deuel 1975). 
Various economic estimates have been made on ·the 
value of the marine sport fishing both in terms of sport 
fish landing and activity related expenses. Based upon the 
above usage rate and per capita expenditure statistics con-
tained in the National Marine Fisheries Service report, a 
figure of approximately 200 million dollars is considered 
a realistic estimate of the annual expenditure (including 
equipment, food and lodging) for sport fishing in the Bay 
(Ridgely and Deuel 1975). The value of sport fish landings 
cannot b~ accurately estimated because of severe lack of 
data but estimates indicate that the value ranges from 10 
to 40% of that for commercial fin fisheries (Maryland Dept. 
of State Planning 1973). For some species, the recreational 
landing may equal or exceed that for the same species in the 
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connnercial landing. Recreational shellfish harvests vary 
according to the shellfish harvested but it has been esti-
mated that as many people seek crabs on a recreational basis 
as seek gamefish (U.S. Army Corps of Engineers 1973). 
B. Factors Other Than Water Quality Affecting Availability 
of Facilities. 
There are several factors not related to water quality 
which add to and, in some cases, cause the lack of available 
facilities limiting the recreational potential of the Bay. 
Primary among these are the unsuitability and inaccessibility 
of large parts of the Chesapeake Bay shoreline. The Bureau 
of Outdoor Recreation report calls the Bay the most inaccess-
ible estuary in the nation (Bureau of Outdoor Recreation 
1974). The vast majority of the Bay shoreline is privately 
owned. According to the Chesapeake Bay Interagency Planning 
Committee, only 3% of the Maryland shoreline is publicly 
owned (Bureau of Outdoor Recreation 1974). Along the shore 
outside the urban areas, new residential development pre-
cludes the establishment of recreational areas. In urban 
areas the shoreline has often been used as a transportation 
corridor without providing for public use or access to the 
shore. 
Physiographically much of the shoreline is not ame-
nable to inten;se recreational development, due to the nature 
of the substrate and the form of the shore. Thus sandy beach 
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areas near urban communities are at a premium. Public recre-
ation as a land development alternative is often in competi-
tion with other more economically rewarding uses particularly 
on recreationally desirable land. This is especially true in 
urban areas where demand is greatest and a severe shortage of 
recreational facilities typically exists. 
C. Recreational and Aesthetic Disamenities Related to Water 
Quality. 
Water quality is a key factor in the desirability 
and availability of Chesapeake Bay waters for recreation and 
general aesthetic value. To the extent that waters are pol-
luted or otherwise contaminated they may become recreationally 
undesirable and aesthetically unpleasant. Poor water quality 
has resulted in the effective loss of recreational potential 
in some limited areas of the Bay. 
1. Fecal Pathogens. 
The impact of fecal coliforms and other bacterial 
pollution is severely felt in the condemnation of public 
shellfish grounds and to a limited extent in the closure 
of public and private bathing beaches. The problem of shell-
fish ground closures was discussed in Chapter XI. Suffice it 
to say that fecal pollution is a Bay-wide problem of consid-
erable proportions and accounts for the largest quantifiable 
economic loss from pollutants in the Bay area as well as an 
undetermined loss of potential recreational shell-fishing. 
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A less wide-spread problem is the closure of beaches 
due to excessive fecal coliform levels (see Chapter XI). 
Both Maryland and Virginia maintain fecal coliform pollution 
standards for watE~r contact activities. In Virginia no 
beaches are presently closed as a result of fecal coliform 
contamination. SE?veral areas in Maryland, however, are con-
siderably affected by this problem. Baltimore County, for 
instance, witnessed a decline in the number of bathing beaches 
from 21 in 1966 to 6 in 1970 (U.S. Army Corps of Engineers 
1973). Unfortunately as with many other disamenities, the 
problem is severest in or near the urban areas where the need 
for bathing beaches is most acute. 
2. Algal and Macrophytic Scums: 
The recreation, health and welfare disamenities from 
algal blooms in the Chesapeake Bay are locally significant in 
tributaries and may present a serious future danger in the 
Bay proper (Flemer 1972). Discoloration of waters, offensive 
odors and unsightly algal mats are among the major aesthetic 
disamenities. Nu:Lsance problems such as fouling boat propel-
lers, stranding on beaches, clogging waterways and loss of 
recreational fish:lng have also resulted. Economic impacts 
have been felt from other factors such as clogging industrial 
intake pipes, losB of heat exchange efficiency in power plants 
and degradation of water quality necessary for industrial 
uses. The death and decomposition of large algal blooms 
create severe oxygen demands in affected waters creating a 
secondary effect of fish kills. 
-165-
Nuisance algal scums have not yet become as widespread 
in the Chesapeake Bay proper as they have been in the Potomac 
River estuary and to a lesser extent in the James River estu-
ary, as well as many smaller tributaries in the upper Bay. 
However, blooms of blue green algae have occurred since 1968 
in tributaries of the upper Bay in the oligohaline and tidal 
freshwater regimes, while red tide blooms have been observed 
in more saline reaches of the tributaries (U.S. Army Corps 
of Engineers 1973). Since that time blooms have gradually 
increased in size, density and duration and have occurred 
earlier in the year (U.S. Army Corps of Engineers 1973). 
The problems of algal blooms and their relationship to nutri-
ent loads and other limiting factors are discussed in Chapter 
XI. 
In 1958 the rooted aquatic plant, water milfoil 
(Myrophyllium spicatum) proliferated in some tributaries of 
the Potomac estuary and created nuisance conditions. The 
growths increased to major proportions by 1963 but dramat-
ically disappeared in 1965 and 1966, the decrease presumably 
being due to a virus (U.S. Army Corps of Engineers 1973). 
Subsequent growths have been reported in other parts of the 
Bay. 
3. Floating Debris. 
Floating debris is mainly an aesthetic disamenity 
along the shoreline in some harbors, but also presents a 
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navigation hazard to small craft. Debris may consist of logs, 
driftwood, woocil and paper products, manufactured products of 
glass, plastic and metal, undecomposed organic matter, marine 
weeds, raw sewage, and petroleum products. The primary 
sources of such floating debris are shore facilities, com-
mercial shipping, pleasure craft, sewage outfalls (including 
storm water bypasses) and marine plant connnunities. In some 
cases, however, connnercial shipping and pleasure boating 
appear to be the primary sources. 
The aesthetic problems associated with floating 
debris, while not serious in the Bay overall, can be locally 
significant in scattered areas where trash collects. Aes-
thetic and safe!ty considerations in high use beach areas 
require removal and such action can produce modest economic 
costs to both governments and individuals. 
4. Odor, Taste and Color. 
The rec:reational and aesthetic impact of odor, taste 
and color problems are considered to be minimal in the Bay 
as a whole but may, in certain localities, present noticeable 
problems. Odor problems result almost exclusively from the 
natural decay of organic matter. This process releases 
offensive gases: (e.g. sulfides) into the environment from 
sediments. The! problem has occasionally been associated 
with the death and decay of algal mats, particularly in 
spring and smmuer months. 
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Residual taste generally has not presented a problem 
since saline Bay water is not used for municipal drinking 
water supplies. 
Aesthetic disamenities from discolored water can and 
often do act to depress water contact sports, but this is 
mostly due to the naturally high turbidity. 
5. Turbidity. 
The Chesapeake Bay is a naturally turbid system 
receiving millions of tons of sediment annually from its 
tributaries. This turbidity has created aesthetic disamen-
ities in many areas, particularly the tributaries, by 
depressing the desirability for water contact sports. 
Since in general turbidity is not related to point-source 
pollution, the resultant disamenities are not amenable to 
correction. 
6. Aquatic Biota. 
Perhaps the single most important factor in the loss 
of water contact recreation and aesthetic opportunities in 
the Bay is attributable to the jellyfish or stinging nettle. 
The stinging nettle, Chrysaora guinguecirrha, appears in vast 
numbers in the Bay and its tributaries from July to October 
and creates a nuisance of major proportions. More than any 
other single factor Chrysaora keeps people away from Chesa-
peake Bay beaches and limits recreational utilization of the 
Bay. It is probable that the stinging nettle is responsible 
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for the loss of millions of dollars of recreational revenue 
annually. Addi.tionally the organism and other scyphozoans 
of the Bay have: produced untold economic hardships on fisher-
men and industt·ies by clogging nets and industrial intake 
pipes. The presence of jellyfish and nettles on industrial 
intake screens has been a factor in the loss of heat exchange 
potential in industrial cooling systems. Nuisance conditions 
caused by Chrysaora are apparently not related to water pol-
lution (see Chapter XIII). 
7. Waterfowl and Wildlife. 
High fecal coliform levels often occur in the vicinity 
of tidal marshes. These may be attributed to livestock kept 
in and around the wetlands and also to wildlife (birds and 
maunnals) inhabiting the marsh. Seasonal increases in the 
abundance of waterfowl also account for increases in fecal 
coliform concentrations. Discussions with the Maryland 
Department of Health and Mental Hygiene indicate that fecal 
contamination from these sources is the primary reason for 
closure of several Maryland areas to the direct harvesting 
of shellfish. 
8. Surfactants and Foaming Materials. 
Disamenities due to the presence of artificial surf-
actants and foaming materials are unconnnon and restricted in 
extent to heavily developed harbors. 
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XIII. Environmental Impact Assessment and Projections 
A. Ecosystem Changes Resulting from Effluent Control 
1. Introduction 
The assumptions made in formulating the projections 
of the ecological impact of water pollution abatement are 
numerous. The many assumptions made in the development of 
the water quality projections, of course, affect these pro-
jections. Projections of waste loadings have been made with 
considerable uncertainty and non-point source discharges 
remain of largely unknown importance. The lack of soundly 
based projections for waste loadings from the Susquehanna 
River particularly confounds ecological projections because 
of the dominant role of its discharge in the Upper Bay. 
The uncertainty introduced by our many assumptions 
and the unknown or unproven cause and effect relationships 
between projected water quality conditions and ecosystem 
response prevented development, except in a few cases, of 
separate ecological senarios for BPT, BAT, and EOD. Our 
projections are largely qualitative. Thus, although we 
feel that we can reasonably project whether biological 
change will be "none", "insignificant" or "significant", 
the lack of more quantified projections precludes detailed 
description of conditions under various levels of pollution 
abatement, other than in very general terms. 
The output of water quality mathematical model applied 
to predict changes in volume average conditions within segments 
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of the Bay was used as the basis for qualitative predictions 
of changes in phytoplankton production. The model predicts 
the volume average concentration for a specified parameter 
in a segment of the Bay rather than the concentration in 
specific smaller localized areas. Since the model is one-
dimensional (so constrained by feasibility), it does not 
predict separately changes which may occur in the immediate 
vicinity of point source discharges or variations from the 
volume average with depth. Biological impacts of point source 
discharges tend to be localized adjacent to discharges or 
occur as a function o·f depth. One can only assume that if 
the volume average conditions are improved by a certain 
amount, then local conditions will also be ameliorated, 
possibly in greater proportion. 
These limitations seriously hinder the usefulness of 
the dissolved oxygen and nutrient models developed in this 
study for biological projections. Cross sectional average 
dissolved oxygen concentrations are difficult to interpret 
because, in fact, strong oxygen depletion in bottom waters 
develops in the Bay during a considerable portion of the 
year. The critical question in projecting the biological 
effect of changes in dissolved oxygen is the extent to which 
the o~ygen level in the deeper zone will be depleted, not 
the average oxygen concentration in the Bay segments. Sim-
ilarly, the assimilation of nutrients in the marginal trib-
utaries of the Bay and nutrient recycling are not treated 
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independently by the model. Actually, both processes may be 
of extreme importance in the nutrient dynamics of the Bay. 
For the purposes of the biological projections we 
have compartmentalized the biota according to trophic level 
(primary producers, primary consumers and secondary consumers) 
rather than by taxonomic or habitat group. This is to allow 
interpretation of the effects of projected impacts on one 
trophic compartment relative to another trophic level. Spe-
cies of economic importance are discussed under the relevant 
trophic compartment, molluscan shellfish under primary con-
sumers and fishes and crustaceans under secondary consumers. 
The projected impacts on wildlife, fecal pathogens and rec-
reation and aesthetics are discussed separately. 
2. Primary Producers 
In atti~mpting to predict the effect of projected 
changes in conditions resulting from the Act, it is assumed 
that the rate at which nutrients are recycled in the biota 
remains constant, so that the only variable affecting the 
ambient pool of available nutrients is point source dis-
charge. It is also assumed that the rates of exchange of 
nutrients betwE!en the sediments and the water column are 
constant regardless of the rate of point source input. 
The prE?dictions of nutrient levels presented in 
Chapter IX are accepted as demonstrating the trends in 
available nutrients which may be expected; to wit, 
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1) a decrease in concentrations of both nutrients 
of relatively small proportion, except at low 
flow conditions when phosphorus levels in the 
upper Bay would be markedly reduced, especially 
at EOD; 
2) a greater decrease in phosphorus input than 
nitrogen input, especially in the area near 
Baltimore; 
3) greater decrea·se in nutrient levels in the upper 
Bay than in the lower Bay. 
For the sake of convenience, the major primary pro-
ducers, phytoplankton, submerged rooted vegetation, and marsh 
grasses, will be discussed separately. Since the predicted 
changes in productivity are perforce nonquantitative, no 
distinction is attempted between effects under BPT, BAT, and 
EOD. 
a) Phytoplankton 
In the tidal freshwater and oligohaline portions of 
the upper Bay, based on a consideration of ambient concen-
tration, phosphorus is the nutrient in limited supply, except 
at low river flow rates when nitrogen becomes limiting. This 
is somewhat compensated by the more rapid regeneration rate 
for phosphorus than nitrogen (Carpenter et al., 1969; Clark 
et al., 1973). As point source discharges are reduced and 
finally eliminated, the model indicates that phosphorus will 
become increasingly limiting, even at lower river flow rates. 
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On this basis, one can predict reduction in primary produc-
tion rates on a volume basis as a result of decreased nutrient 
availability. Reductions in nitrogen loads may also tend to 
reduce plankton productivity. Lessened input of toxic sub-
stances, which are presumed to cause some slight depression 
of the assimilation rate (productivity per unit chlorophyll 
~) of phytoplankton under present conditions, may result in 
a slight increase in productivity on a volume basis, thus to 
some degree counter-balancing the effect of decreased nutrient 
levels. Total water column productivity is controlled pres-
ently by the shallow depth of the euphotic zone, which is 
not expected to change, and therefore little or no change 
is expected in total phytoplankton production in these areas. 
However, the danger of further noxious algal bloom development 
will be reduced. The present trend toward increased algal 
biomas.s (expressed as chlorophyll a level) may be reversed 
under BPT cond:Ltions, and almost certainly at EOD. This 
improvement in phytoplankton will be most evident in the 
smaller tributaries receiving most of the nutrient loading 
from point sources. 
The mesohaline region is presently nitrogen limited 
under all flow conditions and will remain so except in the 
most upstream part. In the upstream areas where a N:P ratio 
of about 15:1 (neither nutrient limiting relative to the 
other) can be •~xpected to develop, light limitation is still 
operating to l:imit total water column productivity, and this 
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would continue to be the case. Under BPT and BAT, no change 
in productivity is expected, and at EOD, productivity would 
be only slightly depressed. 
The polyhaline lower Bay region is presently nitrogen 
limited at most times. Lower turbidity and generally better 
water quality than in the upper Bay eliminate light as a 
major limiting factor. Under BPT, BAT, and EOD,nitrogen 
will continue to be the major limiting factor in this zone. 
The model predicts little or no reduction in either phos-
phorus or nitrogen levels in this Bay region. Therefore no 
change in primary productivity is expected in the polyhaline 
zone. 
The location at which the N:P ratio is near or equal 
to 15:1, indicative of balanced nutrient availability, pres-
ently occurs in the oligohaline or tidal freshwater portions 
of the Bay, although this ratio is nowhere observed at low 
flow rates. With BPT, BAT, and EOD, the location at which 
this ratio will be observed is expected to shift progres-
sively seaward, but at most only to the upper mesohaline 
region where light limitation is still highly significant. 
This is not expected to have any significant effect on total 
phytoplankton productivity per unit area. 
While total productivity may be affected to only a 
slight degree, except in local areas such as the area adjacent 
to Baltimore and various tributaries, the composition of the 
phytoplankton may exhibit a change in favor of species of 
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chlorophytes and diatoms which are more suitable as food in 
the herbivorous food chain (to be discussed later). The 
uncertainty as to the cause of present production of red tide 
blooms dominatE~d by dinoflagellates (less desirable from the 
standpoint of food value) precludes a firm prediction that 
red tides will be eliminated. However, blue-green algae 
blooms in the upper Bay should be eliminated or significantly 
reduced. 
Circumstantial evidence suggests that red tide blooms 
and other disequilibria in phytoplankton composition are not 
solely or predominantly a result of nutrient conditions asso-
ciated with po:Lnt-source discharges. The occurrence of such 
phenomena in areas not impacted by significant point source 
discharges suggest that non-point source discharges of nutri-
ents and various growth promoting (for dinoflagellates) and/ 
or growth inhibitory (for other phyplankters) substances are 
responsible for these phenomena. The actions mandated by the 
Act are not, therefore, expected to totally alleviate this 
problem, though some improvement may result. 
The major benefit of BPT, BAT, and especially EOD 
from the standpoint of the phytoplankton will be the lowered 
rate of cultural eutrophication, lessening the danger of more 
widespread nox:i.ous algal bloom development in the upper Bay. 
b) Submerged aquatic plants 
Submerged vascular plants grow only in shallow areas 
with suitable light penetration and bottom stability. These 
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plants are not solely dependent on nutrients in the water but 
draw directly on interstitial nutrients, which, under the 
assumptions made above, will not change. However, reduction 
or elimination of blue-green algal blooms, especially in 
tributaries may ultimately allow revegetation of areas where 
rooted aquatics have disappeared. 
c) Marsh Plants 
The-Act will not affect the productivity of marsh 
plants to any significant degree except in tributary areas 
innnediately adjacent to outfalls where marsh grasses may 
serve as tertiary treatment plants. In such cases, produc-
tivity would be progressively reduced in achieving each 
level of treatment, but this should not affect total marsh 
productivity for the Bay. 
d) Macrophytic Algae 
Macrophytic algae (Ulva, Enteromorpha, etc.) are not 
as significant a feature of the aquatic flora of Chesapeake 
Bay as elsewhere where more favorable substrates are found. 
In a limited number of cases, however, these forms have 
become nuisances through excessive growth and subsequent 
decomposition resulting in unpleasant odors in areas adjacent 
to discharge sites. Such situations would be lessened at 
BPT and eliminated at EOD. 
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e) Effects on anaerobic bottom areas as related to 
phytoplankton 
As noted elsewhere in this report, severe anaerobic 
conditions dev·elop in the bottom waters of the deep (>12 m) 
central portio,n of the Bay. This is a natural phenomenon 
which probably existed in precolonial times caused by warming 
of surface waters and circulation patterns. The major sources 
of carbonaceous material creating the oxygen demand in this 
water is most probably phytoplankton raining downward from 
surface layers. Little if any of the demand is produced by 
carbonaceous materials released from point sources which are 
remote from this region. If these hypotheses are correct, 
the only effect of pollution abatement activities would be 
indirect. The: slight reduction in primary production pre-
dicted for the: overlying waters would not itself greatly 
change the amount of oxygen demanding material entering the 
bottom water layers. However, a change in plankton compo-
sition leading to greater consumption of phytoplankton in 
the surface layers might have some beneficial effect. At 
most, this would be expressed as a shortening of the period 
during which anaerobic conditions occur and a lessening of 
the water volume and bottom area affected. Perhaps more 
importantly, the actions resulting from the Act should 
prevent the wo,rsening of conditions. 
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3. Primary Consumers 
Primary consumers include both herbivores and detri-
tivores. Most primary consumers are either planktonic (e.g. 
ciliates, rotifers, cladocerans, copepods) or benthic (most 
invertebrates). Connnercial oysters and clams fit in this 
category and will be treated here. 
A consideration of possible food chain effects leads 
to the conclusion that since projected changes in quantitative 
primary production are slight, no great effect on primary 
consumers is expected as a result of food availability. It 
is generally held that most primary consumers are not limited 
by food availability but rather by predation pressures. While 
this generalization is probably not always true, the high 
level of primary productivity, great allochthonus input of 
detritus and short food chains mean that primary consumers 
of estuaries are seldom food limitede 
Alterations in the quality of phytoplankton as 
opposed to the quantity or rate of production may also 
affect primary consumers. For example, red tide conditions 
are the result of high biomass and production of dinoflag-
ellates which are not suitable food for many herbivores, e.g. 
oysters. If decreases in nutrient loading result in shifts 
in phytoplankton toward forms mort') suitable as food for 
herbivores, an ir.t::rease in secondary p1~odu..c tion may occur. 
Although such an increase seems an unlikely possibility and 
only small changes would be possible, r::;hift in production 
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toward phytoplankton more suitable for food may benefit 
desirable spe:cies such as the oyster. 
The reduction in the levels of toxic materials in 
the environme:nt brought about by limiting and eventually 
terminating point source discharges will probably be of 
more conseque:nce to consumer populations than food chain 
effects. Effects of toxic materials are strongly indicated 
for the heavi.ly impacted areas of Baltimore Harbor and the 
Hampton Roads area. Sublethal effects of chronic exposure 
to low levels of toxic materials probably occur over much 
larger areas. 
Reduction in the levels of toxic materials offers 
the promise of greater diversity and productivity of consumer 
populations i.n heavily impacted areas and the possibility of 
lessening unknown sublethal effects on a larger scale. The 
effects of re:duced inputs of toxic materials are further 
discussed under secondary consumers (below). 
4. Secondary Consumers 
As wi.th the primary consumers, no effects are pre-
dicted as a result of increased food availability following 
effluent limi.tation. This trophic level is even farther 
removed from primary producers which might experience mod-
ification because of reduction in nutrient loading. 
Toxic effects have an undetermined impact on consumer 
populations of the Chesapeake Bay. These substances may be 
dissolved in the water and readily available to the biota or 
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bound to sediments, where availability to the biota is less 
at given concentrations. However, the concentrations of 
these toxic materials may be many times greater in sediments 
than in solution. Of particular concern in the Chesapeake 
Bay are petroleum hydrocarbons and their degradation products, 
pesticides and other synthetic organic compounds, trace 
metals, and non-metallic substances (particularly chlorine). 
There are no hard data that these materials are causing acute 
or chronic toxic effects on Bay organisms, with the exception 
of chlorine. In the Baltimore Harbor and Hampton Roads areas 
sediments are heavily contaminated with petroleum and trace 
metlas. These sediments are inhabited by a depauperate 
benthic fauna. This is at least circumstantial evidence 
that these contaminants are having a deleterious effect. 
Point sources, including both sewage treatment plants and 
industrial sources, contribute to petroleum and metals con-
tamination but non-point sources are also major contributors. 
Reduction of the input of toxic materials from point 
sources will undoubtedly cause a reduction of the levels of 
these materials in the environment. Thus, it is reasonable 
to expect attenuation of the effects of these toxicants. In 
areas where sediment contamination is heavy, i.e. Baltimore 
and Hampton Roads, recovery may be expected to lag because 
of the sedimentary reservoir of toxic materials. 
The above observations pertain to species of com-
mercial and sport fisheries importance as well as consumers 
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in general. However, on balance, we are unable to predict 
that the reduction in toxic effects will increase fishery 
production. Exploitation and the effects of man's engineering 
activities (e.g., danuning, stream alteration, sedimentation 
and dredging) are far more important to these stocks than 
toxic effects. However, relaxation of toxic effects may 
enhance recruitment allowing greater sustained-yield, thus 
lessening the effects of over exploitation. 
5. Effects on the Stinging Nettle 
Chrys.aora, the stinging nettle, affects the suit-
ability of the Bay and its tributaries for swinnning. This 
species has shown a marked increase of the bothersome medusa 
in Bay waters within the memory of many present citizens. 
The apparent increase in nettle populations does not seem 
to be related to sewage effluents. Shell planting activities 
in the oyster industry provide a necessary substrate for 
the polyp generation of this species. Decreased oyster 
harvesting activities have allowed large polyp populations 
to develop undisturbed, resulting in massive production of 
medusae. No ,effect is anticipated to derive from pollution 
abatement. 
6. Effects on Aquatic Birds 
The avian fauna is generally controlled by factors 
in areas remote from the Bay or to a lesser extent by factors 
unrelated to sewage treatment plants within the Bay such as 
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submerged vascular plant development, hunting, and marsh 
habitat availability. Hence no benefit to avian species is 
anticipated as a direct result of pollution abatement. 
7. Fecal Pathogens 
The sources of fecal coliform bacteria in the Bay 
include direct point-source inputs such as sewage treatment 
plants and sewerage leaks and bypasses, and less discrete 
sources such as septic system drainage, livestock and wild-
life. We have assumed that only the inputs from the point-
sources will be abated under BPT, BAT or EOD conditions. 
The predominant point-sources responsible for the closure 
of shellfish growing areas, the only significant impact of 
fecal pathogen pollution, are sewage treatment plants. 
Therefore our analysis concentrates on assessing the impact 
of achieving effluent standards for sewage treatment plants 
on fecal coliform levels in the Bay environment and thus, on 
the condemnation of shellfish growing areas. 
The discharge levels used in the projections were 
EPA's secondary treatment standards for BPT and BAT and zero 
input of fecal coliforms for EOD. Although it is doubtful 
that several sewage treatment plantg in the study area would 
meet these discharge levels by 1977, the absence of data 
precludes our projecting the "actual" levels to be expected. 
Therefore, "theoretical" compliance with the EPA standards 
or with stricter state standards was assumed for BPT con-
ditions. These same discharge levels were assumed for BAT 
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conditions, in lieu of the promulgation of more advanced 
standards, and therefore our projections for BPT and BAT 
are identical. 
The EPA specifications for secondary treatment include 
achievement of a 30-day geometric mean of not greater than 200 
fecal colifo~n bacteria per 100 ml and a 7-day geometric mean 
of not greater than 400 per 100 ml. The State of Maryland, 
however, is promulgating much stricter standards for sewage 
treatment plants discharging into shellfish growing areas. 
These regulat:ions require a fecal coliform level in the dis-
charge not to exceed 3 per 100 ml. They furthermore specify 
thirty minute contact chlorination, a 24-hour holding system 
and sealing of all by-passes. Abatement of fecal coliform 
effluent levels to 3 per 100 ml at treatment plants in 
Maryland is assumed for BPT and BAT conditions. 
It was not possible to predict concentrations of fecal 
coliforms in Bay waters under the various levels of treatment 
as no coliform models exist for this area. However, there is 
some striking evidence that compliance with new treatment 
standards may substantially reduce fecal coliform concentra-
tions in the «~nvironment. For example, upgrading the sewage 
treatment plant of the City of Cambridge to comply with new 
Maryland regulations resulted in a considerable reduction of 
the zone in which the fecal coliform concentrations may exceed 
14 per 100 mL. The effect was almost immediate and dramatic. 
It is important to note that the new Maryland effluent stand-
ard is even lower than this water quality standard. 
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Our projections of the amount of closed shellfish 
area which may be opened are judgments or estimates made on 
a case-by-case basis for each condemned area. These estimates 
were based on extensive discussions with responsible officers 
of the respective stage regulatory agencies and on our pro-
fessional judgment and must necessarily be rather crude. 
Although the projections may be individually inaccurate, 
the composite projections on state-wide or Bay-wide bases 
seem realistic. 
A water quality standard for shellfish growing areas 
of 14 fecal colifonns per 100 ml was assumed for these projec-
tions. Even though implementation of the Maryland effluent 
standards would probably result in virtually complete.compli-
ance with the water quality standards in some areas, in most 
cases we allowed for the continued condemnation of a substan-
tial buffer zone near the sewage outfall. Some areas were 
deemed completely recoverable, although most were considered 
only partially so. We estimated the percentage of each area 
potentially recoverable and applied this factor to the acreage 
of water area and shellfish grounds involved to determine 
total amount recoverable. Little attention was paid to the 
reduction in fecal coliform concentrations in low-salinity 
and freshwater zones where there is presently no shellfish 
harvest. 
The projections for potential revocation of condem-
nation under BPT and BAT are shown in Figures XIII-1 and 
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Figure XIII-1. 
• 
Projected recoverability of condemned shellfish 
growing areas in the upper Chesapeake Bay under 
RPT/BAT Standards. 
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Figure XIII-2. Projected recoverability of condemned shellfish 
growing areas in the lower Chesapeake Bay under 
BPT/BAT Standards. 
XIII-2 and are~ summarized in Tables XIII-1 and XIII-2. We 
estimate that only about 5% of the total area condemned is 
recoverable under BPT/BAT conditions. However, we project 
about a 10% reicovery of actual shellfish beds in Maryland 
and recovery of roughly 20% of the condemned area lying in 
areas with good to fair oyster production in Virginia. 
Projec:tions for EOD conditions assume elimination of 
all input of fecal coliforms from sewage treatment plants but 
no alteration of inputs from other sources. Further, it was 
assumed that no condemned buffer zones around sewage outfalls 
would exist, or at least that these zones would be insignif-
icant in area. Whether this would actually be the case is 
debatable. Again,-projections are sums of case-by-case 
estimation of the recovery of closed areas. 
Under EOD conditions nearly 19% of the total con-
demned area in the Bay system may be recovered. This would 
result in recovery of about 30% of the actual shellfish 
grounds in Maryland and recovery of over 50% of the condemned 
area in Virginia waters with good to fair oyster production. 
In summary, although only 5% and 19% of the total 
area closed to shellfishing in the Chesapeake Bay system is 
potentially recoverable under BPT/BAT and EOD conditions, 
the areas likely to be recovered contain a disproportionate 
amount of shellfish beds. Thus, using rough averaging, 15% 
and 4(j/o of the impared shellfish resources of the Bay system 
are recoverabl,e upon implementation of BPT/BAT and EOD. 
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Table XIII- 1. Sunnnary of projections of closure of shellfish growing areas in 
Maryland. 
Chesapeake Bay 
and Tributaries Potomac River 
Present BPT/BAT EOD Present BPT/BAT EOD 
Total Condemned 325,364 310,974 290,190 2,545 2,445 1,975 
Water Area 
Condemned Public 28,620 26,130 21,041 238 230 187 
Oyster Bar 
Condemned Private 534 497 456 148 148 144 
Oyster Grounds 
Condemned Public 1,411 955 0 0 0 0 
Clam Bar 
Total Shellfish 30,565 27,541 21,538 386 378 331 
Bar & Grounds 
I 
I-"-' 
\0 
I-"-' 
I 
Table XIII-2. Summary of projections of closure of shellfish growing areas in Virginia. 
Shellfish Production of 
Chesapeake Bay Major Tributaries 
Growing Area Present BPT/BAT EOD Present BPT/BAT EOD 
Ov~f-~r~ Good 2_ Ql 1 2_1'12 704 10_4157 8.987 6,225 _J _____ 
- 7 - -- ---- 7 -- - . - 7 - - -
94: 199 Oysters Fair-Poor, 3,014 3,014 3,014 98,841 68,199 
Clams Good 
Oysters Fair to Good 252 252 252 1,571 1,259 634 
Oysters Fair 3,399 2736 2124 8,675 7369 5441 
Oysters Poor 7,824 7,569 5,615 37,116 36,711 30,000 
Oysters Fair-Poor, 0 0 0 4,710 3156 156 
Good Seed Production 
Total Condemned Area 17,402 15,723 11,079 161,370 151,681 110,655 
EOD: Under EOD conditions (zero coliform loading) 93,282 acres (18.7%) could be recovered 
in the Bay. Of this figure Maryland would recover 36,244 (11%) of present condem-
nation while Virginia could recover 57,038 (31.9%) of its present condemnation. 
Especially in Virginia, these gains would mostly occur in the 
larger tributaries of the Bay rather than the Bay proper. 
We hasten to add, however, that the matter is not as 
simple as it seems. Progress toward meeting the EPA secondary 
treatment standards or the Maryland Department of Health and 
Mental Hygiene's treatment standards is currently being made 
by increased chlorination of effluents and this trend is 
likely to continue in the near future. Alarming evidence 
suggests that residual chlorine discharged from sewage treat-
ment plants may be having seriously deleterious effects on 
the biota. Clearly, alternate disinfectants or dechlorination 
treatment should be considered in the design of treatment 
plants to meet new local coliform standards. 
Further~ as fecal coliform concentrations in waste 
effluents are reduced, more attention will have to be paid 
to viral and other non-bacterial pathogens, for which ·tradi-
tional treatment may not be effective, in regulating for 
public health safety. 
8. Recreational and Aesthetic Support Characteristics 
Most factors which serve to limit recreation and 
aesthetics in the Chesapeake Bay area are related to land 
use and not directly to water pollution. Only nuisance 
algal blooms and scums and pathogenic contamination are 
directly related to water pollution and are responsible 
for recreational and aesthetic disamenities. 
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Although nuisance algal blooms have so far been 
confined to the smaller tributaries of the upper Bay, 
informed opin:lon and evidence indicate that the upper Bay 
is approaching its limit of nutrient assimilation. Thus 
there is a real potential that related recreational and 
aesthetic disamenities may become more significant and 
widespread. We have projected that under effluent controls 
required by BPT and BAT conditions further eutrophication 
should be sten:nned and, in some cases, bloom conditions 
currently existing may be improved. Thus, although the 
impact of effluent controls on the nuisance algal conditions 
presently expe~rienced may be trivial, they should prevent 
the much more serious disamenities with which the Bay is 
threatened. 
The in~act of contamination by fecal pathogens on 
body contact recreation is not widespread, although it is 
nonetheless locally significant (e.g. Baltimore area). 
Implementation of effluent standards for sewage treatment 
(either those developed by EPA or Maryland state agencies) 
will undoubtedly reduce ambient fecal coliform contamination 
in the Baltimore and Hampton Roads areas, but it remains to 
be seen whether this will allow increased use of these areas 
for body contact recreation, given the risk of contamination 
from uncontrolled sources (malfunctions, shipping, runoff, 
etc.). 
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A more significant impact of BPT and BAT effluent 
controls of pathogenic emissions should be felt on sport 
shellfishing. Projected shellfish ground closures under 
BPT, BAT and EOD are given in the previous section. Al-
though these have been interpreted mainly from a connnercial 
fisheries viewpoint, sport shellfishing is a significant. 
recreational amenity throughout the Bay. Reduction in fecal 
pathogen contamination should be equally beneficial to sport 
and commercial shellfishing and should diminish the public 
health risk posed by sport shellfishing which is difficult 
to control and regulate. 
A less tangible but nonetheless very important impact 
of water pollution abatement programs on the recreational and 
aesthetic utilization of the Bay is the effect on people's 
attitudes. An atmosphere of environmental improvement encour-
ages participation in recreational and aesthetic opportunities. 
Of course in the absence of surveys of public attitudes it is 
impossible to predict the extent of this impact but it may 
outweigh those impacts resulting from actual improvement in 
water quality conditions. 
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B. Ecosystem Impacts Resulting from Residual Disposal 
1. Air 
Industries 
The major sources of air recoverable residuals from 
industries wit:hin the study site are the Bethlehem Steel 
Plant located at Sparrows Point, Maryland and the American 
Oil and VEPCO plants located at Yorktown, Virginia. 
The draft reports of A.G. McKee & Co. and Engi-
neering Science. relative to both the Bethlehem and AMCO 
plants, indicated no significant increases in air recoverable 
residuals from base levels at either facility as a result of 
water pollution control activities. 
Estimates for the VEPCO plant cannot be made at this 
time for air pollution control due to the uncertainty over 
the future power source for the plant, i.e., oil vs. coal. 
If a switch from oil to coal is made, a considerable increase 
in particulatE~ residuals will occur. Cooling towers may be 
installed as a water pollution control measure. Estimates of 
air recoverable residuals generated from such a water pol-
lution control system are 9 tons per day for BAT or BPT. 
These residuals are sea salts which would drift over the 
surrounding area from open draft cooling towers. There is 
inadequate data regarding local wind flows to predict where 
or how much of the salt will fall out. High dilution rates 
for salt in the air are anticipated, but under adverse wind 
conditions, it is possible that salt fall out will occur in 
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the town of Yorktown, on National Park lands (mostly forested) 
or on agricultural lands in sufficient quantities to produce 
an adverse environmental effect. 
More importantly, problems would probably arise from 
fog which in the winter months would seriously interfere with 
air traffic and ship navigation. 
Municipalities 
Increases in residual loading to the atmosphere £rem 
incineration of sewage solids are not considered to hn-+:.rt~ a 
significant potential for impact either on air or water 
quality in the Chesapeake Bay region, because incineration 
is not being considered as an alternative for a major portion 
of the solids. Both Baltimore and HRSDC plants wi.11 uti.lize 
incineration as back-up for land disposal measures but not as 
a primary method of disposal. 
2. Land 
Industries 
'\s sl10 ... w'Tn 1.'n Table VIII/, ;--1 ·'.".\ on1 ·• ... i-T .. ,, ... (···,···1·c·"' 0 of J:1_ ,. ..., ·T j !.,. ::.. ..;. •. ;.,.. -. .. , •• / ...... JV ,.1 i.} ~. U.. ~ .. .,, I\ . . 'J 
pollution control in the Bay stady area are the Beth.le.hem 
Ste~~l Plant and American Oil Rt~finery. Of the~:.E~ tv!0 51 only 
the Bethelchcm Steel Plant generatE?S suffic:i.erlf.: \roI.u.mf:!S of 
material to haye a potential environmental :i.rnpai:t th):·ongh 
runoff from disposal sites. 
Most usable materials are presently, er soon w:Lll be, 
recovered at the plant. The bulk of the wast.e s:.)lid material~ 
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consist of iron oxides and hydroxides,-grit, neutrilized acid 
wastes, 'fly ash' type particles and some heavy metals, e.g. 
zinc (W. Parsons, Personal Connnunication). However, suffi-
cient information to evaluate the potential environmental 
impacts of the various disposal alternatives was not supplied 
to VIMS by the NCWQ contractor considering this industry. 
Therefore, no projections can be made about the present or 
future environmental impacts of solid waste disposal from 
this source on t.he Chesapeake Bay. 
Municipalities 
The solids generated from sewage treatment facilities 
employing secondary treatment will increase by 20% from the 
base (1974) level and with EOD the load will increase by 
another 16%. Although the increase at EOD is relatively 
small, it should be emphasized that to remove all solids 
from the effluents would present a difficult technological 
problem and one which would cost large sums of money. 
The environmental impacts of the present disposal 
practices for solid wastes are minimal. The solids are 
presently disposed of by land filling or farming. In the 
Baltimore area, available land is a present concern and 
with increased volumes of materials the situation will 
become more critical. Therefore, the use of incineration 
to reduce sludge volume is considered to be the best avail-
able alternative. 
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In all cases were land filling and farming are util-
ized for disposal of solid wastes, careful planning and 
monitoring to protect groundwater supplies is necessary. 
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